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INTRODUCTION 
Species of Criconema and Criconemoides are known throughout the 
world, but are considered to be rare. Most of the research concerning 
species of both genera deal with morphology and persistent taxonomical 
problems. Little is known of the species geography because the nematodes 
are not effectively separated from soil by established techniques. The 
advent of the centrifugal-flotation method has presented an effective 
tool for their recovery, however. 
There are few ecological studies as species of both genera are not 
often associated with cultivated crops. Criconema and Criconemoides 
are inhabitants of the forest habitat and the possible role they play has 
only recently been realized. A nation faced with a stable supply of 
forest products and an increasing demand for those products will find it 
necessary to increase the yield. Thus, a knowledge of the ecological 
relationships of Criconema and Criconemoides species may be valuable in 
the future. 
This investigation was undertaken (i) to determine the species of 
Criconema and Criconemoides that occur in the Oak-Hickory and prairie 
communities of Iowa, (ii) to compare the species distribution patterns 
in those communities with communities that are found in other vegetational 
areas and, (iii) to correlate edaphic factors with species distribution. 
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LITERATURE REVIEW 
Systematics of Criconema Hofmanner and Menzel, 1914 
The first species of Criconema was described by Certes (9) and named 
Eubostrichus guernei. Unknown at the tlT^e, the name Eubostrichus had been 
applied previously to a genus of marine nematodes (41). HofmSnner and 
Menzel (45) recognized that guernei did not belong to this genus and pro­
posed Criconema to include £. guernei. They assumed that the nematode 
that they described was an adult of C. guernei. It is clear, however, 
that they described a nematode now known as Criconema menzeli (Stef^nski, 
1924) Taylor, 1936. A new species, C. morgense, was described and dis­
tinguished from £, guernei by its smooth annules, A type was not desig­
nated until 1920 when Stiles and Hassall(107) stated that C. guernei should 
be the type species of Criconema. 
Iota was proposed by Cobb (13) to contain squamosum which was 
later placed into synonymy with a Hemicriconemoides species (101). In 
1914, Southern (104) proposed the genus Ogma for 0. murrayi. Menzel (72) 
placed all Criconema species in Hoplolaimus Daday, 1905 citing priority 
over Criconema, Iota, and Ogma. Hoplolaimus was redefined (15) so dis­
tinctly as to prevent it being synonymized with Criconema, Iota and Ogma. 
Because of this development, Micoletzky (74) separated Iota and Criconema 
from Hoplolaimus. Ogma was synonymizsd with Iota so that the latter 
genus contained those nematodes with ornate annules and Criconema contained 
species with smooth annules. 
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Iota was found to be a homonym of an insect genus and the name was 
discarded (113). Criconema holds priority over Ogma and therefore, 
the correct generic name for guernei is Criconema Hofmanner and Menzel, 
1914 (113). 
Taylor (113) defined Criconema as follows; "Criconematinae. Body 
stout, fusiform. Length of females 6 to 12 times greatest body diameter. 
Cuticle thick, divided into large transverse annules, most of which have 
spine or scale-like appendages on the posterior edge. Annules 50 to 150. 
Head apparently of two annules, with or without spines. Mouth armed 
with long axial stylet, the base of which is made up of three distinct 
lobes; each lobe with a forward projecting process to which the muscles 
are attached. Terminal bulb of oesophagus more or less rounded. Vulva 
located in posterior 1/5 of body, often covered by a scale. Ovary single, 
prodelphic. Male (known only in one species, C. squamosum Cobb) more 
slender than female, loses stylet at final moult. Spicula 2, equal. No 
distinct gubernaculum and no bursa." 
Micoletzky (74) established Criconema morgense as the type species 
of Criconema, but was unaware that one had been designated previously (107). 
Since morgense was not cogeneric with C. guernei, Taylor proposed 
Criconemoides for nematodes similar to Criconema but lacking ornamenta­
tions on the annules. Those species designated as Criconema by Micoletzky 
(74) were transferred to Criconemoides, and those named Iota were trans­
ferred to Criconema (113). 
In 1963, Siddiqi and Goodey (101) reviewed the genera and subfamilies 
of the Criconematidae. They maintained Taylor's concept of Criconema with 
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few changes needed for updating. Taylor's concept of Criconema gained 
wide acceptance from 1936 until 1964. Wu (120) became the first to depart 
from Taylor's concept by proposing the genus Bakernema to contain all 
nematodes having membranous types of cuticular ornaments. De Crisse 
(23) and others believed that the type C. guernei had been described 
from juveniles and a new type should be designated. It was pointed out 
by Mehta and Raski (71), however, that the name Criconema must always ac­
company _guernei . They split Criconema into four genera Crossonema, 
Blandicephalanema, Pateracephalanema, and Neolobocriconema. Bakernema 
and Criconema were maintained. Subgenera were created within Criconema 
so that its relationship to guernei could be maintained and yet please 
taxonomists by allowing the introduction of new types. New characters 
were used to separate the various genera, in particular the presence or 
absence of submedian lobes. All known species were reviewed and synonyms 
created, reducing the total species to 35 (71). 
Systematics of Criconemoides Taylor, 1936 
Taylor (113) proposed the genus Criconemoides with the type C. 
morgense and recognized 14 species. The genus was defined as follows: 
"Criconematinae. Body stout, usually fusiform. Total length 7 to 16 
times greatest width. Cuticle thick with large retrorse annules, spines 
or scales absent in the adult, but present in some cases in the larvae. 
Annules 58 to 160. Head composed of two more or less modified annules. 
Buccal cavity armed with a large axial stylet, always long in proportion 
to body length, and with a 3-lobed base having forward-pointing processes 
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for the attachment of muscles. Posterior bulb of oesophagus more or less 
round. Vulva located in posterior 1/5 of body. Ovary single, straight or 
only slightly reflexed. Males unknown." 
Taylor's definition of this group remained intact until 1965 when 
the number of species had increased to 80 (24). Older descriptions were 
becoming inadequate as new defining characters were coming into use. The 
De Manian formulas of "a" and "b" varied greatly depending upon the method 
of fixation and mounting. Therefore, little importance could be placed 
upon these characters that were useful with other genera of nematodes 
(27, 113). New species were described rapidly and many authors either 
did not make a careful literature search or did not allow for infra-
specific variation. Species with crenated annules created difficulties 
in deciding if they belonged to Criconema or Criconemoides. 
De Crisse and Loof (24) attempted to bring order to the genus with 
their revision of Criconemoides. Criconemoides morgense was placed into 
genus inquirendum and species inquirendae. They believed that they had 
found a population of malec of Macroposthonia annulata De Man, 1880 (26). 
The accompanying females belonged to a described species of Criconemoides, 
and thus they applied the name Macroposthonia to members of that group. 
They created the genera Criconemella, Discocriconemalla, Nothocriconema, 
and Xenocriconemella for species not fitting into Macroposthonia. These 
five genera were distinguished by the presence or absence of submedian 
lobes, labial annule shape, stylet length, body length, and vagina and 
vulva characteristics. The genus Lobocriconema was proposed to include 
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some species of Criconema. The two genera were separated on the basis 
that the former had subraedian lobes and the latter did not. The publica­
tion of Mehta and Raski (71) indicates, however, that there are more 
species of Criconema that have submedian lobes than De Crisse and Loof 
realized. 
The genera Neocriconema (28) and Mesocriconema (3) were established 
for species having crenations along the posterior edge of the adult female's 
annules. These genera were intended to contain those species that over­
lap between Criconemoides and Criconema. 
Raski and Golden (82) rejected the generic proposals of De Crisse 
and Loof on the basis that the characterization of Criconemoides as a 
genus was adequate. They indicated that the divisions made by the latter 
authors were natural, but that they should be at the subgeneric level. At 
this time, they recognized 85 species. The changes of De Crisse and Loof 
were also rejected by Tarjan (112) who argued that the generic descrip­
tions did not always fit the species they represented. He also rejected 
the genus Neocriconema on the basis of an inadequate definition of crena­
tions. Tarjan recognized 65 species. De Crisse (23) published his scheme 
of genera, including an extensive review of species. Synonyms were created 
reducing the number of species to 70. Luc (66) concurred with Raski and 
Golden, and Tarjan in rejecting the proposals of De Crisse and Loof and 
recognized 83 species. He also includes two species of Criconema into 
his concept of Criconemoides. 
Esser (35) reported that 125 species of Criconemoides had been de­
scribed since the introduction of the genus. The disparity in the number 
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of recognized species among authors serves to point out the confusion 
that still remains. De Crisse has cleared much of it by the introduction 
of valid descriptive characters. The next step is to determine the valid 
species. 
Ecology of Criconema and Criconemoides 
Recovery 
Criconema and Criconemoides move in an annelid fashion rather than 
the undulatory wave characteristic of most nematodes. Their sluggishness 
results in low recovery by the Baermann funnel technique. The centrifugal-
flotation method, which does not depend on active movement of nematodes, 
has been demonstrated superior for the recovery of Criconemoides species 
(5, 117). Population studies involving members of these two genera, but 
using a recovery technique other than centrifugal-flotation must be re­
garded as questionable. Not only are false indications of populations 
likely, but members of both genera may not be found at all. 
Host and habitat relationships 
The genus Criconema is cosmopolitan, but few nematodes are usually 
found. Members of the genus are frequently associated with the rootlets 
of noncultivated woody plants, but they are also known to be associated 
with nonwoody plants such as Fragaria species (38), Saintpaulina species 
(118), Sphagnum species (45), Smilax species (71), and grasses (71). 
The nematode species occupy a wide variety of habitats, being reported to 
occur in Antarctica (45) as well as Florida (11). They have been found 
in the sandy pine barrens of Monmouth, N.J. (71) and in the wet sphagnum 
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bogs of Switzerland (45). They are known to occur in forest soils (86) 
as well as native prairies (Hoffmann unpublished). Species of Criconema 
have not been found in cultivated soils. 
Pathogenicity and parasitism have not been demonstrated for Criconema, 
but Wu (118) reported finding hundreds of G. celeturn Wu, 1960 in a pot 
containing "diseased" African violets. Members of the genus are con­
sidered parasitic because of their morphological similarities with 
Criconemoides (52). 
Criconemoides is also cosmopolitan with C. xenoplax Raski, 1952 and 
C. informis (Micoletzky, 1922) Taylor, 1936 being known world wide (25). 
Parasitism has been observed for C. xenoplax (83), £. curvatum Raski, 
1952 (108), and C. rusticum (Micoletzky, 1915) Taylor, 1936 (48). 
The host range is wide for C. xenoplax, but that for other species 
is less well known. Seshadri (97) reports the best hosts for C. xenoplax 
as being woody perennials with Prunus species (almond, apricot, and plum) 
and Vitus vinifera supporting the greatest populations of nematodes. Un­
like Criconema, Criconemoides species have been associated with cultivated 
non woody crops such as turf grasses (43, 53, 54, 55), chrysanthemums 
(111), roses (92), peas (90), peanut (7), cotton (75), snapbean, sugarcane, 
sweetpotatoes (69), and tobacco (40). 
Species of Criconemoides have been associated with decline of maple 
(30), peanut (12, 40, 67), elms, apple, white oak, chrysanthemums (111), 
spruce (34), tobacco (40), peach (47), sour cherry, and plum (79). Klos 
et al. (59) proclaimed that an unidentified Criconemoides species could 
transmit peach rosette mosaic virus. Criconemoides curvatum (6, 77, 
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109, 110), C. xenoplax (98), C. ornatus Raski, 1952 (85), and C. onoensis 
Luc, 1959 (46) are pathogens of economic crops. Criconemoides onoensis 
caused an estimated 157» loss of the rice crop in Louisiana in 1967 (46). 
The same species is pathogenic to corn rotated from rice. 
Greenhouse host ranges may not be universally reliable as there are 
indications that the species have specific environmental requirements that 
are not met in the greenhouse, or that races exist. Streu et al. (110) 
using the same host and nematode as Sher (98) was not able to increase 
populations as had the latter worker. Associations with plants may not 
be taken to be the same as host ranges. Plants associated with nematodes 
in the field are often not hosts under greenhouse conditions (62, 88). 
Soil Factors and Nematode Abundance 
Moisture 
Moisture fluctuations are thought to be a major limiting factor for 
populations of Criconemoides species. Lownsbery (62, 63) noted a summer 
reduction in numbers of C. xenoplax in California vineyards, and specu­
lated that this was due to rapid changes in moisture levels compounded 
by higher temperatures. Barker et al. (5) noted a similar reduction of 
C. ornatus. Riffle (87), however, reported no difference in populations 
of Criconemoides species between drought and nondrought affected stands of 
Pinus ponderosa Laws, in New Mexico. Perhaps species of Criconemoides are 
less susceptible to drought conditions within forested areas. If true, 
this would lend credence to reports that Criconemoides species are found 
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more often in wooded areas than in cultivated fields (64, 76). Popula­
tions of C. xenoplax on Vitus vinifera increased more at 15.5% moisture 
than at 11.6% or 7.8% (97). Plants at the 15.5% level grew more vigorously 
than those at the lower levels. Improved host condition resulting from 
the higher moisture content was the probable controlling factor on 
nematode populations rather than having a direct affect on the nematodes 
themselves. 
Temperature 
Although the optimum temperature for reproduction of Criconemoides 
curvatum may vary with the host plant (68), evidence indicates that the 
range 22-26 C is best (63, 97) for C. xenoplax. 
£H 
Seshadri (97) reported that pH 7.0 was significantly better for 
population increases of £. xenoplax than pH 5.0, and pH 5.0 was significant­
ly better than pH 3.0, but the root systems were much reduced at the 
latter pH. Lownsbery (63) using the same species of parasite and host 
as Seshadri, noted that there were no differences between pH 5.0 and 
pH 7.0. 
Soil texture 
Dropkin (31) stated that lighter sandy soils are better than heavier 
clay soils in supporting nematode populations. Chitwood (10) reported 
that Criconemoides species ordinarily live in sandy soils. This is 
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upheld by Seshadri (97) who reported that sandy soils are more favorable 
for reproduction and movement of C. xenoplax. He believed that the 
coarse particles are important in allowing the annules to gain the 
necessary traction for movement of the nematode. 
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MATERIALS AND METHODS 
Due to the discovery of new species and variations in other species 
from published descriptions, morphological studies assumed major pro­
portions and are presented separately from the ecological results. 
Nematode Morphology 
Specimens of all species encountered were processed by dehydration 
into glycerin (96). Measurements were made from preserved material with 
an ocular micrometer except for those of length which were measured from 
camera lucida tracings. Identifications were first made using original 
descriptions, but specimens of questionable identity were compared with 
type material. 
The principal symbol designations used in the morphological section 
are as follows; L = total body length in microns; stylet = stylet length 
in microns; V = location of vulva expressed as percentage of body length; 
Rv = number of annules from vulva to tail tip; R = total number of body 
annules; Rex = number of annules from anterior end of nematode to ex­
cretory pore; Ran = number of annules from tail tip to anus; R van = 
number of annules between vulva and anus. 
The de Manian values of a, b, and c were not included as they are 
heavily dependent upon nematode length, a character varying greatly with 
fixation procedures (27). As they are of little use in identifying 
species of Criconema and Criconemoides, they are included only in the 
description of new species primarily out of convention. 
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Specimens of all species encountered are deposited in the nematode 
collection of the Department of Botany and Plant Pathology, Iowa State 
University unless otherwise stated. 
Ecology of Criconema and Criconemoides 
Distribution in different vegetational areas 
A total of 303 samples was collected in Iowa between June, 1970 
and October, 1971. Each sample consisted of about 3/4 quart of soil from 
the upper 6 inches of the soil profile. Care was taken to obtain samples 
containing only roots of the plant species recorded, but this could not 
be assured. Attempts were made to obtain equal distribution of samples 
statewide, but the occurrence of major undisturbed areas governed sample 
distribution (Fig. 1). The Iowa survey was dominated by samples from 
the Oak-Hickory Forest Association and the remnant prairies. The 
prairies sampled were the Hayden Prairie in Howard County, the Cayler 
Prairie in Dickinson County, the Kalsow Prairie in Pocahontas County, 
and the Sheeder Prairie in Guthrie County (Fig. 1). These prairies are 
in different soil formations. 
It was deemed probable that different vegetational areas and habitats 
contained different nematode species and populations. Areas chosen for 
comparison with the Oak-Hickory Forest Association area were mountainous 
regions of Maine, New Hampshire, New York, and Vermont. Three vegeta­
tional formations were sampled within the four New England states. The 
Hemlock-White Pine-Hardwoods Forest formation extends from the Atlantic 
coast to Minnesota (8) and was the major vegetational formation sampled 
Fig. L. Map indicating distribution of samples in Iowa from 
1970-1971 
1 *)CK:N60N 
MlTCnCLU LVOH CMMCT 
O'BRIEN SIOUX 
:-:io 
U6U4VÇ 
clihtOM 
AUDUÔOif'jftUTHRIC*! DALIES 
1*3 
UlCAA 
msm 
WOODLANDS 
NURSERY CROPS 
PRAIRIES 
FIELD CROPS 
• % : 16" 
NUMBER OF SAMPLES 
Ui 
16 
in the eastern area. The bulk of this vegetational formation lies south 
of the Boreal Forest formation and north of the Eastern Deciduous Forest 
formation. 
The Boreal Forest and the Alpine Tundra Associations samples were 
at the upper elevations of the eastern mountains. All three vegetational 
formations were sampled in transects as they occurred progressively down 
mountainsides. 
A total of 251 samples was collected from the four eastern states 
between 10 July 1971 to 20 July 1971. Samples were taken in New York 
from Old Forge to the summit of Mt. Algonquin via the Flowed Land in 
Essex County. The primary sampling area in New Hampshire was on the east 
slopes of Mt. Madison near the Dolly Copp Campgrounds in the White 
Mountain National Forest near Gorham. Sampling in Vermont was largely con­
fined to Addison County with major sampling sites on the slopes of Mt. 
Abraham and in Texas Falls State Park. The major sampling area in Maine was 
along the Appalachian Trail north of Highway 16 near Bigelow, Maine. Many of 
samples were collected enroute between the major sampling areas in each 
state. The counties in each state sampled are illustrated in Fig. 2. 
The Hemlock-White Pine-Hardwoods Association reaches it's westernmost 
extension in Minnesota. Fifty-three samples were collected in this forma­
tion near East Horsehead Lake, Oneida County, Wisconsin and Boot Lake, 
Becker County, Minnesota and in Itasca State Park, Clearwater County, 
Minnesota (Fig. 3). These collections were made by Dr. Don C. Norton 
June 1971 and June 1972, respectively. 
Fig. 2. Approximate areas sampled in New York, Vermont, New 
Hampshire, and Maine, 1971, Shaded areas were sampled 
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Fig. 3. The approximate areas sampled in Minnesota and Wisconsin, 
1971-1972. Shaded areas were sampled 
20 
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Transect in a deciduous woods 
Differences in nematode distribution between major plant formations 
were revealed by the surveys mentioned previously, but differences within 
a plant formation were less easily interpreted. For this reason, a 
transect of a small valley in Pammel Woods was constructed. This would 
allow a more detailed monitoring of nematode populations, vegetational, 
and soil factors. 
Pammel Woods is a small woodland lying in a dissected till plain 
on the northwest edge of the Iowa State University campus. Twenty-five 
2 1 M plots were delimited along a south-north transect (Fig. 4). The 
north facing slope angle is 15° and that for the south facing slope is 
12°. Site descriptions, vegetational analyses, and soil analyses are 
recorded in Tables 1 and 2. The plots were sampled for nematodes in 
June, July, August and October, 1971 and in April, May, and June, 1972. 
Sampling procedures 
Samples for the Iowa, Eastern states, Minnesota, and Wisconsin sur­
veys were collected with a garden trowel or shovel and placed into one 
quart polyethylene bags. 
The time lapse between sampling and processing for nematodes varied 
from two hours for the Pammel samples to two weeks for samples taken from 
areas outside of the state of Iowa. Control samples were taken along 
on the field trips outside of Iowa and it was determined that there were 
no appreciable differences in numbers of Criconema and Criconemoides after 
two weeks of transport. 
Fig. 4. Schematic representation of plot locations within the Pammel Woods study area 
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I.S.U. CEMETERY 
SLOPE SLOPE 
SLOPE 
ro 
ro 
ro 00 
ro 
GO 
ONION CREEK 
SCALE lmm=lm 
24 
Table 1. Site description and dominant vegetation of sites in Pammel 
Woods, Iowa, June 1971-June 1972 j. 
Site Description Vegetation* 
Middle backslope 
Middle backslope 
Lower backslope 
*Acer nigrum Michx, f. 
*Laportea canadensis (L.) Wedd. 
*Hydrophyllum virginianum L. 
Asarum canadense L. 
Sanicula smallii Bickn. 
Osmorihza longistylis var. villicaulis 
Fern. 
Erythronium albidum Nutt. 
*Celtis occidentalis L. 
*Carya ovata (Mill.) K. Koch 
*Hydrophyllum virginianum 
Asarum canadense 
Smilacina racemosa (L.) Desf. 
Sanicula Smallii 
*Acer nigrum 
*Laportea canadensis 
*Hydrophyllum virginianum 
Cryptotaenia canadensis (L.) D.C, 
Sanicula Smallii 
Smilacina racemosa 
Erythronium albidum 
Lower backslope 
Toeslope 
Toeslope 
*Acer nigrum 
*Laportea canadensis 
*HydrophyHum virginianum 
Asarum canadense 
Impatiens capensis Meerb. 
*Acer nigrum 
*Laportea canadensis 
*Hydrophyllum virginianum 
Asarum canadense 
Isopyrum biternatum (Raf.) T. and G. 
Impatiens capensis 
*Acer nigrum 
*Hvdrophvllum virginianum 
*Laportea canadensis 
Asarum canadense 
Isopyrum biternatum 
Erythronium albidum 
* Dominant plant species. 
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Table 1. (Continued) 
Site Description Vegetation* 
Toeslope *Acer nigrum 
*Hydrophyllum virginianum 
*Laportea canadensis 
Asarum canadense 
Isopyrum biternatum 
Smilacina racetnosa 
Floodplain 
Floodplain 
*Tilia americana L. 
*Hydrophyllum virginianum 
Laportea canadensis 
Asarum canadense 
Isopyrum biternatum 
Impatiens capensis 
Cryptotaenia canadensis 
Erythronium albidum 
*Tilia americana 
*Hydrophyllum virginianum 
Laportea canadensis 
Isopyrum biternatum 
Cryptotaenia canadensis 
Galium aparine var, vaillantii W.D.J. Koch 
10 
11 
Floodplain 
Oxbow, southern 
border 
12 
13 
Oxbow 
Oxbow, northern 
border 
*Phalaris arundinacea L. 
Hydrophyllum virginianum 
Isopyrum biternatum 
*Robinia Pseudo-Acacia L, 
*Hydrophyllum virginianum 
Laportea canadensis 
Cryptotaenia canadensis 
Galium aparine var.•vaillantii 
Smilacina racemosa 
Asarum canadense 
Osmorihza longistylis var. villicaulis 
*Acer Negundo L. 
Hydrophyllum virginianum 
Laportea canadensis 
*Phalaris arundinacea 
*Glechoma hederacea L. 
Plantago spp. 
Laportea canadensis 
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Table 1. (Continued) 
Site Description Vegetation* 
14 
15 
16 
Floodplain 
Oxbow 
Toeslope 
*Ulmus rubra Muhl. 
Laportea canadensis 
Viola spp. 
None 
*Quercus alba L. 
*Acer nigrum 
Ostrya virginiana (Mill.) K. Koch 
*Asarum canadense 
Hydrophyllum virginianum 
Parthenocissus inserta (Kerner) K, Fritsch 
*Viola spp. 
Erythronium albidum 
Impatiens capensis 
17 Lower backslope 
18 Lower backslope 
19 Middle backslope 
20 Middle backslope 
*Fraxinus americana L. 
*Acer nigrum 
*Asarum canadense 
Erythronium albidum 
Sanguinaria canadensis L. 
*Quercus alba 
*Acer nigrum 
^Hydrophyllum virginianum 
Smilacina racemosa 
Sanguinaria canadensis 
Viola spp. 
*Fraxinus americana 
*Acer nigrum 
*Hydrophyllum virginianum 
Smilacina racemosa 
Sanicula Smallii 
Viola spp. 
Par thenoc issus inserta 
Erythronium albidum. 
*Quercus alba 
*Fraxinus americana 
Acer nigrum 
Ostrya virginiana 
Violaspp. 
Smilacina racemosa 
Erythronium albidum 
Table 1. (Continued) 
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Site Description Vegetation 
21 Middle backslope 
22 Middle backslope 
23 Top backslope 
*Ostrya virginiana 
*Hydrophyllum virginianum 
Sanicula atnallii 
Taenidia integerrima (L.) Drude 
Parthenocissus inserta 
Erythronium albidum 
Viola spp. 
*Quercus alba 
*Acer nigrum 
Ostrya virginiana 
Hydrophyllum virginianaum 
Parthenocissus inserta 
Erythronium albidum 
*Tilia americana 
Fraxinus americana 
*Hydrophyllum virginianum 
Ostrya virginiana 
Sanguinaria canadensis 
Erythronium albidum 
Asarum canadense 
Viola spp. 
24 
Below East Facing 
Slope 
Floodplain 
25 Floodplain 
*Salix sp. 
Acer Negundo 
Parthenobissus inserta 
Cryptotaenia canadensis 
Impatiens capensis 
Glechoma hederacea 
Hydrophyllum virginianum 
Laportea canadensis 
*Phalaris arundinacea 
Smilacina racemosa 
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Table 2. Soil analysis of the Pammel Woods sites June 8, 1971 
Site pH O.M. Field Sand Silt Clay 
% capacity % 7» % 
% 
1 6.9 7.0 24.5 46.5 31.7 21.8 
2 6.6 8.6 23.8 46.7 33.3 20.0 
3 6.7 10.4 28.5 44.6 33.9 21.4 
4 7.3 9.3 30.4 44.0 33.4 22.6 
5 6.6 11.5 30.5 40.0 36.8 23.2 
6 6.4 9.8 27.5 44.2 36.6 19.2 
7 6.7 9.8 33.6 39.4 38.9 21.7 
8 6.4 9.3 31.8 35.5 41.6 22.9 
9 6.5 11.1 29.0 51.4 28.4 20.1 
10 6.9 4.3 26.5 49.9 34.4 15.7 
11 7.1 2.8 23.0 73.4 18.2 8.4 
12 7.2 3.5 27.7 37.9 41.0 21.1 
13 7.3 1.1 24.3 84.0 9.2 6.8 
14 7.3 3.5 24.4 45,1 39.9 15.0 
15 7.5 8.7 31.8 2.5 60.7 36.7 
16 6.0 7.7 21.1 46.5 35.3 18.2 
17 6.6 11.9 20.4 44.0 37.1 18.9 
18 6.5 7.4 24.7 44.0 37.8 18.2 
19 6.5 5.8 22.7 49.6 34.9 15.5 
20 6.5 5.2 23.0 44.3 34.5 21.2 
21 6.4 8.1 21.9 44.1 36.3 19.6 
22 6.2 7.3 22.8 47.6 35.9 16.5 
23 6.0 5.1 22.2 42.0 36.7 21.3 
24 7.1 2.3 21.8 56.0 28.8 15.2 
25 7.3 2.4 26.7 63.7 23.4 12.9 
Average 
total 6.7 7.0 46.7 34.3 19.0 25.8 
Eight 1x6 inch cores were taken at each plot on each date within 
the Pammel Woods transect with a specially constructed soil auger (Fig. 5). 
The mouth of a one-quart polyethylene bag is attached to the flared end 
of the auger tube (Fig. 5.A.) with a plant tie, and the end of the bag 
Fig. 5. Modified soil auger used to collect samples on the 
Pammel Woods transect 
A. = flared end of auger tube 
B. = spring clamp 
Scales 4 nan * 1 inch 
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is held upright by a spring clamp (Fig. 5. B.). The cutting edge of 
the auger is 1 inch in diameter, but the remainder of the tube expands 
to 1^5 inches. This allows the cores to slide up the tube freely with 
less force required, thereby minimizing soil compaction and the difficulty 
of removal. Several cores may be taken at each site without it being 
necessary to punch out each one manually. The auger tube was wiped free 
of any clinging soil after each plot was sampled. The holes made by the 
auger were not refilled with soil as they would serve as markers to 
avoid resampling. 
Correlation of species and populations with edaphic factors 
Soil factors that possibly govern the distribution and population 
of nematode species were measured. Texture, field capacity (115), organic 
matter, and pH (89) were determined for each soil sample and correlations 
of these factors with presence and populations of species were attempted 
to determine their role. 
Processing Procedures ; 
After transport to the laboratory, each soil sample was placed on 
a newspaper and mixed thoroughly, A 100 ml sample was removed for nematode 
analysis and processed by a modified centrifugal-flotation technique (51). 
Briefly, 100 ml of soil was wet sieved through 28 mesh and 325 mesh 
sieves. The residue on the 325 mesh sieve was collected and placed into 
a 50 ml centrifuge tube and centrifuged at 2000 r.p,m. for 3 min­
utes in a centrifuge with a rotating head radius of 13 cm. The super­
natant was discarded. Care was taken not to lose nematodes in 
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the process by periodically checking the supernatant for their presence. 
A sucrose solution (density 1.18) was added to each tube and the pellet 
was resuspended. The material was then centrifuged at 2000 r.p.m. for 
15 seconds. The supernatant was passed through a 400 mesh sieve and 
the nematodes were collected by backwashing with water. 
Total numbers of nematodes were estimated by counting 10% of the 
nematodes in a sample, but the number of each species of Criconema and 
Criconemoides was determined by direct counting. For preservation, the 
nematodes were heat relaxed at 37°C and killed and fixed in 5% formalin 
at 37OC. 
Soil from the remaining portion of the sample was screened through a 
4 mm screen and analyzed. Many soil samples from the Boreal forest region 
were taken from sites that consisted of a layer of organic matter in which 
many plant roots were found. This layer of organic matter lay directly 
on top of bedrock. Often the organic matter content was above the 15% level 
which could be measured and in that case the sample was classified as duff 
mull (lib). If the soil sample consisted entirely of organic matter and 
only a small amount or no mineral soil a texture analysis could not be made 
and a classification of peat was given (103). 
Statistical analyses 
Cluster analysis has been shown to be useful in grouping nematodes 
by site (93). The program developed by McCammon and Wenniger (70) was 
used. This is an agglomerative method whereby sites of species are grouped 
together on the basis of their similarity which is represented mathematically 
by the similarity coefficient. The similarity coefficients are determined 
33 
by "plugging" presence and absence and population data into the following 
equation; 
" 2 "k 
(U) k.l + bjk 
where 
S = similarity between sites or species i and sites or species j; 
n = number of sites or species; 
^ik ~ value of either site or species i, or species or site k; 
bjk = value of either site or species j, or species or site k; and 
= value in common between site or species i and species or site j 
for species or site k. 
Sites that cluster, i.e., have a high similarity coefficient, will 
have similar populations of the same nematode species. Nematode species 
that cluster are found in many or all of the same sites. Dendrographs 
were drawn of the various clusters and were compared with soil analyses 
and site descriptions for correlating trends. 
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RESULTS AND DISCUSSION 
Morphology of Criconema and Criconemoides Species 
In the course of study, several species of each genus were found. In 
many cases, the original description was not adequate in encompassing 
the range of variability known for individual species and the new ranges 
are included herein. Most species of these two genera are not adequately 
defined by measurements alone, but by the use of morphologic characters 
which are impossible to quantify. The latter necessitates the extensive 
use of drawings for their clarification. Closely related species of 
Criconema are discussed together in order to make species distinctions 
clear. Bakernema inaequale is included in this study because of it's 
close morphologic similarities to the Criconema species. The species of 
Criconemoides are discussed in alphabetical order. 
JBakenieina _inaefluaj^ (Taylor, 193b) Mehta and Raski, 1971, Fig. (J-A.B.C.D 
Measurements (22 females) L = 531 ^  (471-599);stylet=64p (60-67); 
V = 94.3% (92.6-95.0); Rv = 6 (4-7); R = 67 (61-72); Rex = 20 (18-22); 
Ran =3. 
Associated plants and localities Soil about rootlets of Acer 
saccharum Marsh., near parking lot to Raven Trail, north of Lake Tomahawk, 
Wis.; grass beneath Pinus strobus L. in the American Legion State Park, 
Wis.; Abies balsamea (L.) Mill, near parking lot west of Blue Mt. Lake, 
N.Y.; A. saccharum Marsh, and Betula papyrifera var. cordifolia (Regel 
Fern, on the Daniel Webster Trail, near Dolly Copp Campgrounds, Gorham, N.H. 
Fig. 6. Bakernema inaequale. A. Male, lateral view; B. Female, 
lateral view; C. Female, abnormal fringe; D. Female, ventral 
view of vulva 
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This species was first described by Taylor (113). It was later 
mistakenly described as a new species (119), but the error was corrected 
by Mehta and Raski (71). 
The specimens from Wisconsin, New Hampshire, and New York resemble 
one another closely and, except for the location of the excretory pore, 
fit previous descriptions. The descriptions of Taylor (113) and Golden 
and Friedman (39) locate the excretory pore on the 8-9th annule from the 
anterior end. This author's observations and those of Wu (119) and 
Mehta and. Raski (71) found it on the 18-22nd annule from the anterior 
end in the specimens examined. 
This species is most easily recognized in having no offset head 
annules, a membranous cuticular fringe, a short stylet, and the manner in 
which the anterior vulval flap projects posteriorly displacing the follow­
ing annule slightly (Fig. 6-B,D). The short stylet and the absence of 
sublateral lobes serves to set it apart from the only other member of the 
genus, variable Raski and Golden, 1965 (82). 
Males of this species were found occasionally and conform to their 
description made by Wu (119) except that no anal sheath was observed 
(Fig. 6-A). 
A population from Wisconsin exhibited an abnormal type of cuticular 
configuration. Instead of the normal long cuticular fringe that projects 
posteriorly (Fig. 6-B), the fringe is short, spine-like and projects 
anteriorly (Fig. 6-C). This author feels that as all other characters 
are normal, this represents intraspecific variation and is not of a 
magnitude to warrant species distinction. 
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Criconema decalineatum Chitwood, 1957, Fig. 7- A,B 
Measurements (21 females) L = 351 yi (282-400); stylet = 69 ^ 
(64-74); V = 87.2% (83.5-91.8); Rv = 13 (13-15); R = 77 (73-84); Rex = 25. 
Associated plants and localities Soil about rootlets of Lathyrus 
venosus Muhl. in the Hayden Prairie, Howard Co., Iowa; unidentified grass 
in the Sheeder Prairie, Guthrie Co., Iowa. 
The specimens from Iowa conform well with the measurements both in 
the original description (11) and with the most recent examination (71). 
The shortest length recorded was 300 but this is now reduced to 282 
This species is characterized by two offset head annules (Fig. 7-A), 
ten rows of broad flat scales (Fig. 7-A), and a sharply conoid tail 
(Fig. 7-A). It most closely resembles Criconema octangulare (14) Taylor, 
1936, but differs primarily in the number of rows of scales (Fig. 7-C), 
In ventral view, one can see three rows of scales anterior to the vulva on 
C. decalineatum (Fig. 7-B), whereas C. octangulare exhibits only two rows 
of scales anterior to the vulva (Fig. 7-D). 
Criconema decalineatum was found only in the prairies in the Iowa 
study. 
Cr^^conema octgigula^ (Cobb, 1914) Taylor, 1936, Fig. 7 - C, D 
Measurements (26 females) L = 379 y (306-457); stylet = 56 y 
(53-61); V = 87.07, (83.2-90.0); Rv = 13 (11-15); R = 72 (68-77); Rex = ?. 
Associated plants and localities Soil about roots of Acer 
saccharum in Oakland Mills State Park, Mt. Pleasant, Iowa, and along the 
Raven Trail, north of Lake Tomahawk, Wis.; grass under Pinus strobus in 
Fig. 7 A-B. 
Fig. 7 C-D. 
Criconema decalineatum 
A. Female, lateral view 
B. Female, ventral view of vulva 
Criconema octangulare 
C. Female, lateral view 
D. Female, ventral view of vulva 
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American Legion State Park, Wis.; Fagus grandifolia Ehrh. and Acer 
grandifolia Ehrh, and Acer saccharum, Texas Falls State Park, Vt.; 
Picea rubens Sarg. along Appalachian Trail in Franklin Co., Maine, 
Although recovered from widely separated locations, the specimens 
in question varied so little from each other that the measurements are 
all recorded together. These specimens answer the description of C. 
octangulare so completely and uniformly that no extension or correction 
of measurements is necessary. 
Mehta and Raski (71) described the scales of juveniles as having 
the "distal ends of these scales marked by fine refractive elements." 
There is some question at least in this author's mind of what that state­
ment means. Juveniles of this species from Oakland Mills State Park had 
three to five fine, delicate spines attached to the distal ends of the 
scales. 
Criconema octangulare is distinguished by having two offset head 
annules, a conoid tail, and eight rows of broad flat scales (Fig. 7, C-D). 
The latter character sets it apart from C. decalineatum. 
gricone^ hungarjxum Andrassy, 1962, Fig. 8-B 
Measurements (11 females) L = 412 p (353-469); stylet = 102 ya 
(92-110); V = 86,2% (83.3-87,9); Rv = 11 (10-12); R = 54 (50-58); Rex = 
18 (18-19), 
Associated plants and localities Around rootlets of Quercus 
palustris Muenchh., White Breast Unit of the Stephens State Forest, Lucas 
Co., Iowa; Polygonatum canaliculatum (Muhl.) Pursh. and Parthenocissus 
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inserta (Kerner) K, Fritsch in the Donnelson Unit of the Shimek State 
Forest, Donnelson, Iowa; Quercus alba L, in the Wapello State Park, 
Bloomfield, Iowa; and Populus tremuloides Michx. in Pilot Knob State 
Park, Winnebago Co., Iowa. 
The specimens from Iowa agreed closely with the original description 
(2) and that offered by Mehta and Raski (71). 
The most distinguishing characters of this species are the two off­
set crenated head annules, 10 rows of divided hand-like spines, and the 
long stylet (Fig. 8-B). The latter character separates this species from 
Criconema seymouri. 
Criconema sevmouri Wu, 1965, Fig. 8-A 
Measurements (10 females) L = 457 p (388-510); stylet = 61 ^ 
(58-67); V = 84.1% (80.7-86.0); Rv = 13 (11-15); R = 57 (53-67); Rex = 18. 
Associated plants and localities Acer rubrum L. at the beginning 
of the Calamity Brook Trail near the Upper Works parking lot, Essex Co., N.Y. 
The original description by Wu (122) was adequate, but the range of 
measurements was expanded by Mehta and Raski (71) when more specimens were 
found. This species was found only once in this study and all. specimens 
agree well with the existing descriptions. 
The most identifiable features of C. seymouri are the two offset 
crenated head annules, short stylet, and the 10-12 rows of divided hand­
like spines on the body (Fig. 8-A). This species is most closely related 
to C. hungaricum and is differentiated from it by having a shorter stylet. 
Fig, 8 A. Criconema seymouri 
A. Female, lateral view 
Fig. 8 B. Criconema hungaricum 
B. Female, lateral view 
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Cric on etna fimbriatum Cobb in Taylor, 1936, Fig. 9 _ A,C 
Measurements (27 females) L = 433p(338-510); stylet = 86.0 p 
(80-96); V = 85.7% (83.4-90.3); Rv = 12 (10-13); R = 58 (53-63); Rex = 20 
(18-21); Ran = 6; R van = 4-5. 
Associated plants and localities Soil about rootlets of Quercus 
velutina Lam., Quercus macrocarpa Michx., and Carya ovata (Mill.) K. Koch 
in the Donnelson Unit of the Shimek State Forest, Donne1son, Iowa; Fagus 
grandifolia on Bald Mt. Trail north of Old Forge, N.Y. and in a swampy 
area at the bottom of the grade below Lincoln Gap near Bristol, Vt,; 
Tsuga canadensis (L.) Carr. on the Daniel Webster Trail in the Dolly Copp 
Campgrounds near Gorham, N.H. 
This species was well defined by Cobb in Taylor, 1936(113) and seems to be 
widespread. The specimens from Iowa, New York, and Vermont match this 
description and the one given by Mehta and Raski (71) very well with only 
minor exceptions. Mehta and Raski (71) state that the head annules are 
crenated, but in this author's experience this is not always the case. The 
majority of the specimens examined by this author had body annules that 
were not retrorse, but rounded contrary to the observations of Mehta and 
Raski (71). 
Criconema fimbriatum is best recognized by the two naked offset and 
sometimes crenated head annules, a continuous horizontal fringe of 40-50 
digitate spines on each body annule, and a stylet length of less than 
106 ^ (71) (Fig. 9-A). 
All specimens examined in vulval view exhibited the character of 
the anterior vulva flap covering only the vulval opening and not overlapping 
the following annule (Fig. 9-C). 
Criconema tnenzeli (Stef^nski, 1924) Taylor, 1936, Fig. 9 -B,D; Fig. 10-A,B,C 
Measurements (26 females) L = 412 ^ (327-506); stylet = 96 ^ 
(85-107); V = 83.9% (80.5-87.5); Rv = 13 (11-15); R = 63 (56-70); Rex = 
23 (22-24); Ran = 9; R van = 5. 
Associated plants and localities Moss in the White Breast Unit of 
the Stephens' State Forest, Lucas Co., Iowa, and in the Lacey-Keosauqua 
State Park, Keosauqua, Iowa; Juniperus virginiana L. in Waubonsie State 
Park, Fremont Co., Iowa; Picea mariana (Mill.) B.S.P. at the northern end 
of East Horsehead Lake, Oneida Co., Wis.; Betula papyrifera var. cordifolia 
on Mt. Abraham, Vt.; and Betula lutea Michx. f. on the Daniel Webster 
Trail, Mt. Madison near the Dolly Copp Campgrounds, Gorham, N.H. 
Descriptions by Taylor (113) and Mehta and Raski (71) matches well 
with these specimens and no major corrections are necessary. These speci­
mens exhibited the fringe characteristic of the head annules, but with 
some variation. The types of head annule fringe found are (i) normal 
fringe with broad rounded tips (Fig. 9-B; Fig. 10-A), (ii) fringes that 
ended in bulbous swellings (Fig. 10-B) from Horsehead Lake, Wis., and 
(iii) fringes that were short and pointed (Fig. 10-C) from specimens 
from Dolly Copp near Gorham, N.H. These variations are considered to 
be intraspecific in nature. Many specimens examined had a spermatheca full 
of sperm. 
Criconema menzeli has an anterior vulval flap that overlaps posteriorly 
to the following annule partially hiding its spines (Fig. 9-D). This 
Fig. 9 A, C. Criconema fimbriaturn 
A. Female, lateral view 
C, Female, ventral view of vulva 
Fig. 9 B, D. Criconema menzeli 
B. Female, lateral view 
D. Female, ventral view of vulva 

Fig. 10 A-C. Criconema menzeli 
A. Normal head fringes 
B. Head annule fringe with bulbous swellings 
C. Head annule with pointed fringes 
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contrasts with the vulval flap of C. fimbriatum (Fig. 9-C). 
The characters that define C. menzeli from C, fimbriaturn are the 
two offset fringed head annules, 60-70 blunt spines per annule, the charac­
ter of the vulval flap, and the greater stylet length. 
Criconema proclivis Hoffmann, 1973 
This species was only recently described (44) and no new data are 
needed. It was found only in the Hemlock-White Pine-Hardwoods association 
region which was sampled in the Eastern survey. 
Criconemoides axes^ Fassuliotus and Williamson, 1959, Fig. 11-A,B 
Measurements (18 females) L = 328 ji (277-362); stylet = 55 ^ 
(53-59); V = 90.6% (87.6-93.1); Rv = 6 (6-8); R = 46 (44-48); Rex = 14 
(14-15). 
Associated plants and localities Soil about roots of Pinus 
banksiana Lamb, near Forest Point, N.Y,; soil about roots of Carya ovata 
(Mill.) K. Koch in the Donnelson Unit of the Shimek State Forest, Donnelson, 
Iowa; and soil about roots of Tilia americana L. in the Yellow River 
State Forest, Allamakee Co., Iowa. 
The measurements of all populations found were consolidated as there 
were no irregularities among them. The original description (36) fits 
these specimens well with only minor variation. This species is charac­
terized by a head annule so reduced in size as to make it set off from the 
body annules (Fig. 11-A). Four small sublateral lobes are present and 
evident in_en face views. The original description notes that the first 
three annules of the females project forward on the lateral side, but this 
Fig. 11 A, B. Criconemoides axeste 
A. Female, lateral view 
B. Female, ventral view of vulva 
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was not a constant character with the specimens reported here (Fig. IL-A), 
The body annules are rounded rather than retrorse and all are clearly 
crenated (Fig. 11 A, B). The vulva is located on the 6-8th annule rather 
than the 4-5th as per the original description. The excretory pore is 
found on the 14-15th annule on the specimens reported here, but on the 
12-I5th annule as by the original description. 
A good feature for species conformation is the bilobed appearance of 
the anterior vulval lip (Fig. 11-B) as it is a constant character found 
in all known populations. 
Criconemoides discus Thorne and Malek, 1968, Fig. 12-A 
Measurements (4 females) L = 523 y, (448-650); stylet = 68 ^ 
(65-72); V = 93.6% (93.0-94.2); Rv = 9 (7-10); R = 103 (101-106); Rex = ? 
Associated plants and localities Associated with unknown plants 
in the Kalsow Prairie, Pocahontas Co., Iowa. 
This species has two head annules, the first of which is divided 
into four parts and is separated from the body by the second smaller head 
annule (Fig. 12-A). It appears that Luc (66) mistakenly understood the 
species name to indicate the character of the first annule. It is not a 
disc, but is divided into four parts, not unlike sublateral lobes, and 
clearly would not key out under the characters which he incorporates, 
Criconemoides discus is known only from South Dakota (114) and 
the .Kalsow Prairie. 
Fig. 12 A. Criconemoides discus 
A. Female, lateral view of anterior region 
Fig. 12 B. Criconemoides inaratus sp. n. 
B. Female, lateral view of anterior region 
56 
A 
57 
Crjxonenioide£ inaratus sp. n, Fig. 12-B; Fig. 13-A,B,C,D 
Measurements (female holotype) L = 516 a = 9.9; b = 4.7; c = ?; 
stylet = 57 p; V = 93.1%; Rv = 9; R = 104; Rex = ? 
(16 female paratypes): L = 422 }i (354-486); a = 9.1 (7.1-11.3); b = 
4.2 (3.6-5.6); c = ? stylet = 55 (51-61); V = 92.3% (90.6-94.0); 
Rv = 9 (8-9); R = 93 (77-100); Rex = 26 (25-26); Ran = 6; R van = 2. 
Description Only females were found. The ventrally bent body 
varies in length from 354-486 p and reaches its greatest width in the 
anterior 1/3 of the body (Fig. 13-A). This species has a single offset 
head annule 13 p in diameter that is cupped anteriorly (Fig. 12-B, Fig. 
13-A). The remainder of the 77-100 body annules are retrorse, have smooth 
posterior edges, and an occasional anastomosis of the annules (Fig. 13-A). 
A typical criconematoid esophagus is present. The stylet is 51-61 p in 
length with anteriorly cupped knobs. The basal bulb of the esophagus 
does riot overlap the intestine. A cardia was not observed. 
The stoma is viewed in en face as an elongate slit flanked by the 
amphidial openings (Fig. 13-B, C). Some specimens have a first head 
annule that is not always complete (Fig. 13-C), whereas other specimens 
of the same species show the first annule as being complete (Fig. 13-B). 
Sublateral lobes are not present. 
The tip of the single outstretched ovary often extends past the 
basal bulb well into the anterior part of the body (Fig. 13-A). A 
spermatheca, usually filled with sperm, is located in the anterior portion 
of the uterus (Fig. 13-A). 
Fig. 13 A-D. Criconemoides inaratus sp. n. 
A. Female, lateral view 
B. Female, ^ face view 
C. Female, variation in en face view 
D. Female, ventral view of vulva 
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The vulva is open and is found on the 8-9th annule from the posterior 
end (Fig. 13-D). The anterior vulval lip is bilobed with the lobes 
partially covering the vulva (Fig. 13-D). The vagina is sigmoid in shape 
(Fig. 13-A). The anus, observed on one specimen, is located on the 6th 
annule from the tail tip. There are two annules between the anus and the 
vulva (Fig. 13-D). The excretory pore is located on the 25-26th annule 
from the anterior end. 
The species name is the Latin word inaratus, meaning unploughed, 
and here refers to the virgin prairie habitat in which this species is 
found. 
Type habitat and locality Holotype -- Female collected 6 June 
1970 in the Kalsow Prairie, Pocahontas Co., Iowa from rootlets of unidenti­
fied grass. 
Paratypes -- 16 females collected in the same habitat and locality 
as the holotype. 
Specimens Holotype on slide T-222t, 16 female paratypes on slides 
T-1525p to T-1532p, one female vulva view on slide T-1535p and two females 
en face view on slides T-1533p and T-1534p, U.S. Dept. of Agriculture 
Nematode Collection, Beltsville, Md., USA. 
Diagnosis The scheme of De Crisse and Loof (24) for dividing the 
species of Criconemoides into various genera is a natural one. This 
author feels, however, that the taxonomic problems of this genus are not 
aided by adding more generic names. Thus, the genera of De Crisse and 
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Loof (24) are not recognized although the natural divisions and new 
morphological characters that they proposed are used, 
Criconetnoides inaratus most appropriately belongs in the division 
of Criconemoides that De Crisse and Loof (24) called Discocriconemella 
as this species possesses a disc-shaped anteriorly directed head annule. 
It is most closely related to C, glabrannulata (De Crisse, 1967) Luc, 
1970 and C, macramphida (De Crisse, 1967) Luc, 1970, It differs from C. 
glabrannulata by having longer stylet, longer length, broken head annules, 
and the sigmoid vagina. It differs from £. macramphida by having smaller 
amphids, longer body length, and a sigmoid vagina. 
Criconcmoides lamottei Luc, 1970 exhibits similar _en face characteris­
tics of the broken head annules (66), An examination of other features 
clearly indicates that it is distinct from C, inaratus. Criconemoides 
lamottei differs by having a conoid tail, straight vagina, and crenated 
body annules, Criconemoides inaratus does not possess these features. 
Measurements of a second population (7 females) L = 427 ji 
(378-499); a = 10,0 (9.2-10.8); b = 4,2 (3.8-4.8); c = ? stylet = 55 ^ 
(52-58); V = 93,3% (92,6-94,4); Rv = 8 (7-9); R = 90 (88-93); Rex = 25, 
Habitat and locality These specimens were collected from soil 
around roots of Lathyrus venosus in the Sheeder Prairie in Guthrie Co,, 
Iowa on 14 June 1971, They are in the nematode collection of the Depart­
ment of Botany and Plant Pathology, Iowa State University, Ames, Iowa, 
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Crlconemoides incrassatus Raski and Golden, 1965, Fig. 14-A ,B,C,D 
Measurements (22 females) L = 519 y (390-622); stylet = 85 ^ 
(73-95); V = 92.3% (90.0-93.9); Rv = 6 (4-7); R = 53 (47-59); Ran = 3; 
R van = 2; Rex = 17 (15-20). 
Associated plants and localities Soil about roots of Sanguinaria 
canadensis in the Richardson Creek area, Story Co., Iowa; Parthenocissus 
inserta and on the Forest floor in Mc'Intosh Woods, Ventura, Iowa; soil 
about roots of Tilia americana at Oakland Mills State Park, Mt. Pleasant, 
Iowa; soil about roots of Acer nigrum and Quercus alba in Pammel Woods, 
Ames, Iowa; soil about roots of Acer saccharum in Texas Falls State 
Park, Vt. 
Some confusion has resulted since the original description was pub­
lished. This species is keyed as not having the lip annules set off from 
the body annules, but the description states that they are. The specimens 
examined from Iowa and Vermont all have two offset head annules as per 
the original description. In addition, a paratype specimen no. 472 
slide no. IL, from the nematode collection at Davis, California, ex­
hibited this character also. 
The specimens from Iowa and Vermont averaged a stylet length of 85 ji, 
whereas those of the paratypes average 101 p and no paratypes fell below 
90 y except for one individual from California that had a stylet length 
of 79 p. This latter nematode was believed to be aberrant by Raski and 
Golden (82), but it fits well with the Iowa and Vermont specimens. 
The Iowa and Vermont specimens were also shorter in length with an 
average of 519 u as compared to 700 p (590-800) for the type specimens. 
Fig. 14 A-D. Criconemoides incrassatus 
A, Female, en face view 
B, Female, lateral view 
C, Female, abnormal anterior region 
D, Female, ventral view of vulva 
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Because of the gross differences in measurements a paratype specimen was 
compared with the Iowa and Vermont nematodes and were found to be the same 
species. It is evident from this study that the concept of this species 
must be expanded. The Iowa and Vermont specimens tend to have fewer an­
nules (47-59) as compared to the types (55-62) and the excretory pore is 
on the 15-20th annule rather than the 18-20th annule for the paratype 
specimens. 
Criconemoides incrassatus is best recognized by the presence of 
four large sublateral lobes in en face (Fig. 14-A), an extended posterior 
vulval lip in lateral view (Fig. 14-B), two offset head annules (Fig. 
14-B), and a vulva that appears as a wide slit in ventral view (Fig. 14-D). 
One aberrant specimen was found that had three offset head annules 
(Fig. 14-C). 
Criconemoides inusitatus sp. n., Fig. 15-A,B,C,D 
Measurements (female holotype) L = 447 p; a = 13.6; b = 4.6; c = ? 
stylet = 49 V = 93.0; Rv = 7; R = 74; Rex = 21. 
(20 female paratypes) L = 459 y (337-514); a = 14.7 (11.6-16.7); 
b = 4.7 (3.8-5.0); c = ?; stylet = 48 y (42-50); V = 93.57= (92.8-95.1); 
Rv = 7 (6-8); R = 77 (71-86); Rex = 22 (20-24); Ran = 4; R van = 2. 
Description Only females were found. The body is 337-514 ^ in 
length and is slightly tapered at each end giving the nematode a cylindrical 
appearance. Anteriad, the body has two offset head annules (Fig. 15 A, B). 
The first annule is 14-15 in diameter and the second is 16-20 p in 
diameter. 
Fig. 15 A-D. Criconemoides inusitatus sp, n. 
A. Female, lateral view 
B. Female, lateral view of anterior region 
C. Female, en face view 
D. Female, ventral view of vulva 
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In Lateral view, one can see two sublateral lobes which are con­
nected by a lower bridge (Fig. 15-B), In en face, one can see the four 
weakly developed sublateral lobes. The sublateral lobes are connected 
(Fig. 15-C) laterally so as to lose their distinction in en face view. 
The pairs of sublateral lobes ar« not connected dorsally or ventrally, 
or at least this connection is not well developed, and are separated 
from one another by a dorsal and a ventral notch (Fig, 15-C). 
The stylet is 42-50 jx in length with knobs projecting anteriorly 
(Fig. 15-A). The oral stoma for the stylet is viewed in en face as an 
elongate slit flanked on either side by the amphidial openings (Fig, 15-C). 
A typical criconematoid esophagus is present. The dorsal esophageal gland 
orifice is indistinct. The short isthumus leads to a pyriform basal 
bulb, but does not overlap the intestine (Fig. 15-A). A single outstretched 
ovary is present, A spermatheca, usually filled with sperm, is located in 
the anterior portion of the uterus (Fig, 15-A), The vulva appears as a 
simple slit in ventral view with no overlapping projection of the anterior 
vulva lip (Fig. 15-D), In lateral view, the vulva is "closed" and the 
vagina is straight (Fig. 15-A). The anus was located on the 4th annule 
from the posterior end and there were two annules separating it from the 
vulva in the single specimen examined for this feature (Fig. 15-D). 
There are 71-86 annules with smooth posterior margins. They are 
about 5 ^ in width, rounded, and are not retrorse. The excretory pore 
is located on the 20-24th annule from the anterior end. 
The species name is the Latin word inusitatus, meaning uncommon, and 
here refers to the frequency it was found. 
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Type habitat and locality Holotype — Female collected 2 June 
1972 around roots of Tilia americana L, within Pammel Woods located on 
the northwest border of the Iowa State University campus, Ames, Iowa. 
Paratypes -- Twenty females collected in the same habitat and lo­
cality as the holotype. 
Specimens Holotype on slide T-223t, 21 female paratypes on 
slides T-1536p to T-1542p, one female vulva view on slide T-1545p and 
two female en face view on slide T-1543p and T-1544p, u.s. Dept. Agri­
culture Nematode Collection, Beltsville, Md., usa. 
Slides containing several females of this species are in the Depart­
ment of Botany and Plant Pathology, Iowa State University. 
Diagnosis Criconemoides inusitatus closely follows the definition 
of Criconemoides as envisioned by Loof and De Crisse (61) in that it 
possesses a straight vagina, closed vulva, no overlapping anterior vulva 
lip, and the fusion of sublateral lobes to nearly form another head annule. 
By virtue of the aforementioned characteristics, £. inusitatus is related 
to C. humilis Raski and Riffle, 1967, £. vernus Raski and Golden, 1965, 
C. amorphus De Crisse, 1967, and C. informis (Micoletzky, 1922) Taylor, 
1936. 
This species differs from C. humilis in that the latter does not 
exhibit offset head annules (84). Criconemoides inusitatus differs from 
C, vernus (82) and C, amorphus (22) in that the latter two nematodes have 
longer stylets and conical tail shape. Criconemoides inusitatus differs 
from C, informis (113) in its shorter stylet length and greater number of 
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body annules. 
This species is placed into the genus Criconemoides regardless of 
which of the two popular classification schemes is used. 
Criconemoides lamellatus Raski and Golden, 1965, Fig. 16-A, B,C,D 
Measurements (17 females) L = 486 p (402-532); stylet = 75 p 
(66-85); V = 94.2% (92.1-96.3); Rv = 5 (4-6); R = 51 (44-55); Ran = 2; 
R van = 2; Rex = 16 (15-17). 
Associated plants and localities Soil about roots of Tilia 
americana, Acer negundo and Salix sp. in Pammel Woods, Ames, Iowa; and 
Rhus glabra L. in the Red Haw State Park, Chariton, Iowa. 
Specimens recovered in Iowa were compared against paratype specimen 
no. 530 slide no. 24c of the University of California Nematode Collection 
from Davis, Cal. for positive identification. The Iowa specimens matched 
the original description well in en face views (Fig. 16-B), vulva views 
(Fig. I6-C), in having the characteristic longitudinal markings between 
annules that end in small platelets (Fig. 16-C, D), and in having a near 
terminal location of the anus (Fig. 16-C, D). The measurements also com­
pared well except that the stylet length ranged from 66-85 ^ as compared 
to 80-84 p from the original description. The Iowa measurements are from 
several populations of this species, whereas the original description 
utilized a single population and this probably accounts for the more 
limited range in measurements. 
The individuals from the Iowa populations had a distinctly anteriorly 
cupped head annule (Fig. 16-A), but the original illustrations and the 
paratype do not have this feature. One specimen from the Sheeder Prairie 
Fig. 16 A-D. Criconemoides lamellatus 
A. Female, lateral view 
B. Female, en face view 
C. Female, ventral view of vulva 
D. Female, view of posterior end 
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in Iowa does show the typical head formation of the type specimens. 
This author feels that this discrepancy does not constitute a specific 
difference as this feature varied between populations within Iowa. 
Criconemoides lamellatus can be most easily confused with C. 
incrassatus, but differs from the latter in the location of the anus, 
number of head annules, lack of an extended posterior vulval lip, and 
the lack of sublateral lobes, 
Criconemoides longula (Gunhold, 1953) Oostenbrink, 1960, Fig, 17-A 
Measurements (24 females) L = 424 ^ (359-482); stylet = 56 ^ 
(50-67); V = 84.7% (83.0-86.7); Rv = 16 (12-19); R = 88 (72-95); Rex = ? 
Associated plants and localities Soil about roots of Acer rubrum L. 
in roadside parking area east of McKeever, N.Y. ; soil about rootlets of 
Larix laricina (Du Roi) K. Koch in a bog northeast of East Horsehead 
Lake, Wis. 
This species was first described by Gunhold (42) from the eastern Alp 
Mountains in Europe. The measurements were subsequently expanded by De 
Crisse (23). 
The specimens from New York and Wisconsin have similar measurements 
as given by Gunhold (42) and De Crisse (23) except for that of stylet 
length which they list as 62-87 p. This is not considered a specific 
difference, however, but only an extension of the known range. All other 
characters agree. 
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Figure 17. Criconemoides longula 
A. Female, lateral view 
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De Crisse (23) notes a notch in the lateral field in the anterior 
region of the females. The original description (42) and personal ob­
servations (Fig. 17-A) of the New York and Wisconsin specimens indicate 
that this character is not present. The specimens used by De Grisse may 
be abnormal or exhibiting a minor variation. 
Griconemoides longula is most closely related to Criconemoides 
sphagni by its two offset head annules (Fig. 17-A) and a similar number 
of body annules. It differs from C. sphagni by its shorter stylet length 
and in that the last 3-4 terminal annules are fused so that no striae are 
seen in lateral view (Fig. 17-A). 
To this author's knowledge, this is the first report of its occurrence 
in the U.S.A. 
Criconemoides macrodorum Taylor, 1936, Fig. 18-A 
Measurements (14 females) L = 268 ji (238-311); stylet = 96 p (82-
105); V = 91.3% (89.9-92.1); Rv = 13 (11-14); R = 105 (101-111); Rex = ? 
Associated plants and localities , Soil about roots of Quercus 
velutina in the Donnelson Unit of the Shimek State Forest, Donnelson, 
Iowa; Quercus alba in the Wapello State Park, Bloomfield, Iowa; Pinus 
strobus in White Pine Hollow, Luxemburg, Iowa; and Quercus alba in Pammel 
Woods, Ames, Iowa. 
This species has been well documented throughout the United States 
(82). The specimens from Iowa follow the original description and all 
others closely. This species does not exhibit infraspecific variation 
to as great a degree as other species of this genus. 
Fig. 18. Criconemoides macrodorum 
A. Female, lateral view 
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The best features to identify Criconetnoides macrodorutn are the 
long stylet (Fig. 18-A) which extends through 30-40% of the body length, 
the two narrow offset head annules, and the short body length. 
Criconetnoides permistus Raski and Golden, 1965, Fig. 19-A,B 
Measurements (19 females) L = 313 p (233-390); stylet = 73 y 
(68-78); V = 86.8% (82.9-91.7); Rv = 12 (11-14); R = 66 (64-70); Ran = 6; 
R van = 4; Rex = 22 (20-24). 
Associated plants and localities Soil about roots of Phalaris 
arundinacea in Pammel Woods, Ames, Iowa; soil about roots of Sambucus 
canadensis L. and Rhus glabra in Pilot Knob State Park, Winnebago Co., 
Iowa; and soil about roots of an unknown plant species within a wet area 
in the Sheeder Prairie, Guthrie Co., Iowa. 
The most distinguishing characters for this species are the two naked 
offset head annules (Fig. 19-B) and the two spines located on the lateral 
sides of the anterior vulval flap (Fig. 19-A). The spines were not 
described in the original description nor were they noted by Thorne and 
Malek (114). De Grisse (23) first illustrated this character and it was 
found in all populations recorded from Iowa. This character is also 
present on paratype no. 500 slide no. 23L from the Nematode Collection at 
the University of California, Davis. Thus, the spines were present on 
specimens from which this species was described. 
It is evident from the literature and from specimens collected in 
Iowa that this species exhibits marked infraspecific variation. Table 3 
Fig. 19 A-B. Criconemoides permistus 
A, Female, ventral view of vulva 
B. Female, lateral view 
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lists measurements of populations taken at various localities in the 
United States. The measurements from South Carolina and California 
were taken from the published material of Raski and Golden (82) and 
those from South Dakota are from published material of Thorne and Malek 
(114). 
The most variant values are those of stylet length and number of 
annules. The specimens from Iowa represent the most variant populations. 
The stylet length of 68-78 ji is the shortest known to date and the annule 
number of 64-70 has been the least recorded (Table 3). Populations 
have been recorded from South Carolina, South Dakota, and California 
that have greater values for these characters. The populations from 
the latter three states do not differ from each other as much as they 
differ from the Iowa populations (Table 3). 
Table 3. The variation in the taxonomic characters for Criconemoides 
permistus from different localities 
State 
Local L p Stylet p V7o Rv R Rex 
Iowa 233-390 68-78 82.9-91.7 11-14 64-70 20-24 
South Carolina 
paratypes 310-400 77-98 84.0-88.0 12-15 75-81 22-26 
Nettles swamp 320-370 82-89 85.0-87.0 75-83 _a 
L.Meares pond 310-360 80-93 85.0-87.0 _a 75-80 _a 
California 270-360 87-102 83.0-87.0 _a 77-87 _a 
South Dakota 400 100 85.0 12 90-100 _a 
&Data not available. 
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Criconemoides ^etasus Wu, 1965, Fig. 20-A,B,C 
Measurements (8 females) L = 560 ^ (480-667); stylet = 71 ^ 
(70-74); V = 85.67» (84.2-89.2); Rv = 10 (9-11); R = 53 (51-58); Ran = 5; 
R van =5; Rex = 17. 
Associated plants and localities Soil about roots of Celtis 
occidentalis in Pammel Woods, Ames, Iowa; and Acer saccharum in Texas 
Falls State Park, Vt. 
This species was originally described from a single specimen (121) 
and the measurements were later expanded by De Crisse (23) using only 
two specimens. The measurement range has remained limited. Specimens 
found in Iowa and Vermont follow the original description very closely 
exhibiting the characteristic forward lateral curve (Fig. 20-A, C), ex­
tended anterior vulval flap (Fig. 20-B, C), and the appropriate stylet 
measurements. The values of L, V, Rv, and R for this species are now 
expanded with the addition of these new data. 
The only major discrepancy lies with the original description of the 
head structures. Wu (121) stated that C. petasus possessed a single 
cephalic annule, but lacked the small basal cephalic annule found on C, 
annulifer (De Man, 1921) Taylor, 1936. Specimens from Iowa and Vermont 
exhibited the small basal cephalic annule (Fig. 20-A) and the drawings 
of this species published by De Crisse (23) indicate that this feature 
is present. The single holotype specimen is probably an aberrant in­
dividual and not characteristic of the species. 
Fig. 20 A-C. Criconemoides petasus 
A. Female, lateral view of anterior region 
B. Female, ventral view of vulva 
C. Female, lateral view of posterior region 
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Criconemoides pseudosoliya^um De Crisse, 1964, Fig. 21 -B,C 
Measurements (9 females) L = 287 p (240-341); stylet = 45 ^ 
(40-50); V = 94.47, (90.4-96.8); Rv = 5 (2-6); R = 68 (52-88); Rex = 22 
(19-26). 
Associated plants and localities Soil about roots of Rhus glabra 
in Pilot Knob State Park, Winnebago Co., Iowa; unidentified grass in the 
Cayler Prairie, Dickinson Co., Iowa; grass rootlets along Highway 18 near 
Mississippi River, Clayton Co., Iowa; and around rootlets of Xanthium sp. 
in waste land, Hamburg, Iowa. 
The original description of this species (21) was not available, 
but measurements and drawings pertaining to it were found in a later pub­
lication by the same author (23). 
This is the first known report of this species in the U.S.A. The 
measurements agree well with the measurements given by De Crisse (23) 
except that the vulva is located more posteriorly, the number of annules 
is greater, the Rex is greater, and the stylet ranges slightly smaller. 
Criconemoides pseudosolivagum is a small nematode (Fig. 21-B) that 
is most easily recognized by the large number of anastomosing body annules 
which are crenated to give a beaded appearance (Fig. 21-C). This latter 
character serves to separate it from its closest relative C. sphaero-
cephalum Taylor, 1936 which was not found in this study (Fig. 21-A). 
The other relative is C. solivagum, but this last species does not show 
massive anastomosis of the body annules. 
Fig, 21 A. Criconemoides sphaerocephalum 
A. Female, lateral view 
Fig. 21 B-C, Criconemoides pseudosolivagum 
B. Female, lateral view 
C. Female, posterior region 
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Criconemoides reedi Diab and Jenkins, 1966, Fig. 22-A 
Measurements of population no. 1 (5 females) L = 406 px (334-
491); stylet = 54 /i (52-56); V = 90.5% (88.6-92.8); Rv = 11 (9-13); 
R = 104 (97-107); Rex = 29 (28-30). 
Associated plant and localities Soil about roots of Fragaria 
virginiana Duchesne on the Lowell Hoffmann farm near Queen City, Mo. 
Measurements population no. 2 (1 female) L = 409 ji; stylet = 
54 y; V = 92.3%; Rv = 9; R = 101; Rex = 27. 
Associated plant and localities Soil about roots of Typha 
angustifolia L. in wet area at a pond in the Donnelson Unit of the Shimek 
State Forest, Donnelson, Iowa. 
Measurements of population no. 3 (5 females) L = 418 p (368-556); 
stylet = 54 pi (52-56); V = 90.0% (89.0-91.0); Rv = 12 (11-13); R = 113 
(110-117); Rex = 31 (29-32). 
Associated plant and localities Soil about roots of Carex sp, at 
the west access of the Dead Creek Waterfowl Area, Vt. 
Greater differences were found between populations than within. The 
greater annule number and Rex number for population no. 3 distinguishes it 
from the rest. The value for these even exceed the limit of R = 107 
(104-112) and Rex = 26-28 for the paratype specimens (29). 
The species is characterized by a short thick body, no offset head 
annules, small sublateral lobes, and smooth body annules (Fig. 22-A). 
Fig. 22. Criconemoides reedi 
A. Female, lateral view 
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Specimens recovered in this study exhibited fusion of the last 2-3 tail 
annules, a character not discussed in the original description (Fig. lit-PC), 
Punctations were found between the body annules of one female from 
population no. 3, but as this character was not found on all specimens 
it will not be discussed further. 
Criconemoides rusticum (Micoletzky, 1915) Taylor, 1936, Fig. 23-A,B 
Measurements (30 females) L = 399 (273-511); stylet = 51.5 fi 
(47-55); V = 94.1% (87.7-95.7); Rv = 7 (6-8); R = 100 (95-105); Rex = 
29 (28-31). 
Associated plants and localities Associated with rootlets of 
Rhus glabra in Red Haw State Park, Chariton, Iowa; soil around roots of 
Abies balsamea west of Blue Mt. Lake, N.Y.; rootlets of Pinus strobus on 
the west side of Snake Mountain in the lowlands near Middlebury, Vt.; 
rootlets of Pinus strobus near Middlesex, Vt.; corn, and alfalfa hay 
field near Weybridge, Vt.; and along highway 110-A near Hilary, N.H. 
The identity of this species has been in doubt owing to the dis­
crepancies in measurements. Tarjan points out that this species has been 
reported with stylet lengths of 50-75 ji and body lengths of 290-640 p 
(112). For this reason, he placed this species into species inquirendae. 
Tarjan apparently was unaware that Loof (60) had uncovered some original 
specimens of Micoletzky and had published an emended description of £, 
rusticum, thereby clearing the issue. De Crisse (23) and Luc (66) 
have listed this species as valid and it is so treated here. 
Fig. 23 A-B. Criconemoides rusticum 
A. Female, lateral view 
B. Female, en face view 
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The specimens from Iowa and Vermont agree with the descriptions 
given by Loof (60) and the measurements given by De Crisse (23). The 
only exception is that the body length ranges lower than that previously 
recorded, but this could indicate either intraspecific variation or the 
different modes of fixation which give various rates of shrinkage. 
Criconemoides rusticum is characterized by the short stylet, folded 
tail annules (Fig. 23-A), and the four large sublateral lobes (Fig, 23-B) 
which give the anterior portion of the body a truncated shape in lateral 
view (Fig. 23-A). 
Criconemoides sphagni (Micoletzky, 1925) Taylor, 1936, Fig. 24-A,B 
Measurements (37 females) L = 397 ^ (318-482); stylet = 116 ^ 
(103-126); V = 85.87. (83.8-89.2); Rv = 14 (12-17); R = 92 (83-101); 
Rex = 31 (28-34). 
Associated plants and localities Moss near the summit of Mt. 
Abraham in Addison Co., Vt.; soil about roots of Betula papyrifera var. 
cordifolia on the lower slopes of Mt. Abraham in Addison Co., Vt. and 
on Mt. Madison at the Dolly Copp Campgrounds near Gorham, N.H.; Betula 
lutea at Long Lake, N.Y, and along the Appalachian Trail north near 
Bigalow, Maine; Acer saccharum on the lower slopes of Mt. Abraham, 
Addison Co., Vt.; and Pinus resinosa on the bank of Boot Lake, Minnesota. 
This species was first described by Micoletzky from sphagnum bogs 
and placed into Criconema (74, 113). Taylor (113) moved sphagni to 
Criconemoides. The latest treatment has been the extension of measurements 
97 
by De Grisse (23) and declaring Criconemoides grassator Adams and Lapp, 
1967 (1) synonymous with C, sphagni. Luc (66) does not agree with the 
latter move and he keeps the two species separate. 
This author has observed a single paratype specimen of C, grassator 
loaned by the U.S.D.A. Hematology collection at Beltsville, Md. Although 
it first appears that this species has only a single head annule, closer 
examination reveals that the second annule is not retrorse as the re­
maining body annules and is effectively differentiated from them. Draw­
ings and photographs presented by De Grisse (23) coupled with my ob­
servations have convinced me that De Grisse was correct in his action. 
Therefore, the synonymy of C. grassator with C. sphagni is maintained. 
Specimens of this species from Vermont, New Hampshire, Maine, New 
York, and Minnesota conform well to the original description (74). The 
range of measurements given by De Grisse easily contain those nematodes 
from this study. To date this species has not been found in Iowa. 
An abnormal female from a population in Vermont was found that ex­
hibited three head annules rather than the usual two. All other charac­
ters are normal and it is felt that this is merely an aberrant specimen, 
Criconemoides sphagni is characterized by the two offset head an­
nules, long stylet length, and the large number of fine truly retrorse 
body annules (Fig, 24-B). Males of this species were found (Fig. 24-A), 
but no description is included owing to the difficulty of differentiating 
them from males of other species. 
Figure 24 A-B. Criconemoides sphagni 
A. Maie, lateral view 
B, Female, lateral view 
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Criconemoides xenoplax Raski, 1952, Fig. 25-A 
Measurements (26 females) L = 530 ^ (396-668); stylet = 75 ^ 
(60-93); V = 94.0% (91.5-95.4); Rv = 7 (6-10); R = 95 (82-110); Rex = 28 
(24-29). 
Hosts and localities Soil about roots of Quercus velutina* Don-
nelson unit of the Shimek State Forest, Donnelson, Iowa; unidentified 
grass in the White Breast unit of the Stephens State Forest, Lucas Co., 
Iowa; Celtis occidentialis, Mc'intosh Woods, Ventura, Iowa; Acer 
nigrum, Phalaris arundinacea, and Ulmus rubra in Pammel Woods, Ames, Iowa. 
Measurements (16 females) L = 464 (377-603); stylet = 52 /a 
(48-56); V = 93.8% (91.8-95.5); Rv = 8 (7-11); R = 99 (87-110); Rex = 27 
(24-29). 
Hosts and localities Rootlets of unidentified grass in Cayler 
Prairie, Dickinson Co., Iowa; grass, in the Kalsow Prairie, Pocahontas Co., 
Iowa; Lathyrus venosus in the Hayden Prairie, Howard Co., Iowa; and grass 
in the Sheeder Prairie, Guthrie Co., Iowa. 
Measurements (17 females) L = 491 ^ (426-615); stylet = 73 y 
(66-80); V = 93.9% (91.7-95.9); Rv = 8 (6-9); R = 94 (83-103); Rex = 28 
(24-30). 
Hosts and localities Acer saccharum on Ontario Lake shore, Ontario, 
N.Y.; Betula lutea below Lincoln Gap, near Bristol, Vermont; Betula 
papyrifera var. cordifolia, Texas Falls State Park, Vermont; Acer saccharum 
Fig. 25 A. Criconemoides xenoplax 
A, Female, lateral view 
Fig. 25 B. Criconemoides curvatum 
B. Female, lateral view 
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lower elevation of Snake Mountain, near Middlebury, Vermont; Pinus strobus, 
Middlesex, Vermont. 
The specimens from the woodlands of Iowa and Vermont match the 
original description closely and pose no problem. The specimens from 
the Iowa prairie, however, are a different matter. These nematodes match 
the description of £. xenoplax except for the short stylet length. 
Specimens of this species that possessed the short stylet were confined to 
the prairies only (Table 4) and are designated C. xenoplax-s. 
Criconemoides xenoplax-s from the Iowa prairies had a stylet length that 
never exceeded 56 whereas Criconemoides xenoplax from the Iowa and 
eastern woodlands had a stylet length that was never less than 60 and 
often ranged to 93 p. De Grisse and Loof (25) published measurements 
showing some of the intraspecific variation in £. xenoplax, but the stylet 
measurements given do not range as low as that of the nematodes from the 
prairies. These authors did note a weak correlation of the presence of 
sperm and a low R value with the nematode occurring in dry soils, but no 
correlation of stylet length was mentioned. 
Table 4. Variation of measurements of Criconemoides xenoplax 
Iowa Eastern Iowa prairies 
woodlands woodlands (xenoplax-s) 
N 26 17 16 
Length p 530(396-668) 491(426-615) 464(377-603) 
Stylet >1 75(60-93) 73(66-80) 52(48-56) 
V7o 94.0(91.5-95.4) 93.9(91.7-95.9) 93.8(91.8-95.5) 
Rv 7(6-10) 8(6-9) 8(7-11) 
R 95(82-110) 94(83-103) 99(87-110) 
Rex 28(24-29) 28(24-30) 27(24-29) 
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At this time this author feels that the stylet length illustrates 
intraspecific variation. Speculation regarding the effect of habitat 
on this feature is reserved for the ecology section. 
The Question of the Taxonomy of Criconemoides xenoplax 
and Criconemoides curvatum Raski, 1952 
These two species are now indistinguishable based on measurements 
alone. The only characters from the original descriptions left to dif­
ferentiate the species are the shape of the male tail and the presence 
of cremations on the annules of the juveniles. 
The shape of the male tail is not a good character as males are 
rarely found in populations of either species. It is also likely that 
there is some intraspecific variation of the male in each of these species 
which would further complicate the identification. 
Criconemoides xenoplax is the only one of the two species which 
has juveniles with crenated annules. This can be disconcerting if the 
worker did not find juveniles in a particular population or if as is often 
the case a mixed population of species is found. It would be unwise to 
base the species differentiation on this character alone. 
De Crisse (23) noted within his key that C. xenoplax had a sigmoid 
vagina, whereas C. curvatum had a straight one (Fig. 25-A, B). Raski, 
the original author of the two species in question, claimed ignorance of 
this character concerning these species (Personal communication). As a 
result, paratypes of both species and specimens collected throughout the 
world were borrowed from the University of California collection at Davis, 
California for study. 
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Specimens of C. xenoplax from the United States in Oklahoma, New 
Mexico, Colorado, South Dakota, Wisconsin, New Jersey, and paratypes 
from California exhibited the curved vagina (Fig. 26 A-G). In addi­
tion, specimens from Australia, Germany, India, Italy, Japan, Switzer­
land, and the Netherlands also possessed the curved vagina without ex­
ception (Fig. 27, A-H). 
The straight vagina character was found on £. curvatum specimens 
from Canada, Pakistan, Phillipines, Florida, Vermont, and on the 
California paratypes (Fig. 28, A-G). The curved vagina type was never 
observed in £. curvatum and the straight vagina was never observed in 
£. xenoplax. 
From these observations and those of De Grisse and Loof (25), it 
is evident that the shape of the vagina is a good character in differ­
entiating these two species. It has the added benefit of being found 
on adult females. 
Raski and Golden (82) have synonymized Criconemoides nianitalense 
Edward and Misra, 1963 with C. curvatum on the basis of measurements, but 
it is not known if they actually observed any of the specimens. De Grisse 
and Loof (25) synonymized this species with C. xenoplax. The latter move 
seemed incorrect as C. nianitalense was illustrated with a straight vagina 
characteristic of C. curvatum. The latter two authors had observed 
specimens of C. nianitalense, however, and concluded that it indeed ex­
hibited a sigmoid vagina and thus, belonged as C. xenoplax. If their 
observations and illustrations are correct, then so is their synonym. 
Fig. 26 A-G. Criconemoides xenoplax; lateral views of 
female tail 
A. California paratype 
B. Oklahoma 
C. New Mexico 
D. Colorado 
E. South Dakota 
F. Wisconsin 
G. New Jersey 

Fig. 27 A-H. Criconemoides xenoplax, lateral views of female 
tails 
A. Australia 
B. Germany 
c. India 
D. Italy 
E. Japan 
F. Switzerland 
G. Netherlands 
H. Netherlands 
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Fig. 28 A-G. Criconemoides curvatum, lateral views of female tails 
A. California, 
B. Canada 
c. Vermont 
D. Florida 
E. Canada 
F. Pakistan 
G. Phillipines 
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DISCUSSION OF RECENT PROPOSED CHANGES 
The Classification of Mehta and Raski (1971) 
These workers have recently divided Criconema Hofmanner and Menzel, 
1914 into five genera while retaining Bakernema Wu, 1964. The divisions 
are based on the presence or absence of sublateral lobes and the number 
and character of the head annules. The nature of the cuticular orna­
mentations is used as a secondary defining character, 
Criconema (Hofmanner and Menzel, 1914) Mehta and Raski, 1971 is 
differentiated from Crossonema Mehta and Raski, 1971 in that the former 
possesses sublateral lobes and the latter does not. Members of Criconema 
have short, blunt, flat scales except for one species, C. murrayi, which 
has long conoid spines characteristic of Crossonema cobbi. Following Mehta 
and Raski's scheme, £. murrayi must have sublateral lobes to be included 
in Criconema. The original description by Southern (104) does not mention 
their presence. Siddiqi (100) redescribed the species, but he did not 
mention the presence of sublateral lobes in the text nor did he illustrate 
them in his drawings. Mehta and Raski's reference (71) to sublateral 
lobes is the vague statement: "Details of the head structures are not 
clear." One can logically conclude that either C. murrayi does not 
possess sublateral lobes or at least they have not been observed. There­
fore, Criconema Mehta and Raski does not adequately characterize all of 
the species attributed to it. 
Criconema guernei is placed in the same genus as a group of nematodes 
represented by C. decalineatum. It is difficult to perceive the linking 
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characters, Criconetna guernei must possess two head annules and sublateral 
lobes for entrance into Criconema. The original drawings of Certes (9) 
and a statement by Taylor (113) indicate that guernei does not have 
offset head annules. If it is considered a juvenile, one would expect it 
to exhibit offset head annules as do the juveniles of C. decalineatum 
C, octangulare, C. gracile, and £, rhombosquamatum. In addition, there 
is no evidence that submedian lobes exist for C. guernei. The authors 
give no explanation for the linking of these species. 
Submedian lobes are weakly developed in this group of nematodes 
and can lead to confusion. Lateral views of the lips of Grossonema 
tenuicaudatum led Edward and Misra (33) to believe mistakenly that this 
species possessed sublateral lobes. To correctly determine the presence 
of these structures, an en face examination must be made. The size of the 
submedian lobes of C. octangulare varies from prominent to vague as evi­
denced by the drawings of Mehta and Raski (71). The writer has in­
spected en face sections of the same species and verifies that they 
are difficult structures to see depending upon the extent of their 
development and the thickness of the section. Because of the vari­
ability of submedian lobes, the difficulties in their observation, and 
the necessary destruction of valuable specimens in making en face mounts, 
their use to differentiate genera is questionable. 
Unlike sublateral lobes, the type and arrangement of ornamentations 
on the annules determines the gross appearance of the nematode. It is 
logical to expect that species within a genus will resemble each other 
more than either one would resemble a species of another genus. This 
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leads to the greatest objection to the scheme of Mehta and Raski (71). 
Species that have longitudinal rows of spines (Crossonema hungaricum) 
are placed in the same genus as species with continuous horizontal 
fringes (Crossonema menzeli). This separates them from nematodes also 
exhibiting longitudinal rows of ornaments (Criconema decalineatum). It 
is more logical to define genera on the basis of the arrangement of annu­
lar ornaments as these are generally large structures which are easily ob­
served and are constant for individual species. Because of their size 
and complexity they are most likely of greater phylogenetic significance 
than submedian lobes. 
The failure of the proposals of Mehta and Raski (71) to provide a 
scheme of phylogenetic significance, provide an efficient easy method 
of species determination, and characterize adequately all of the species 
placed within the genera gives ample cause for rejection. The genus 
Criconema (Hofmâ'nner and Menzel, 1914) Taylor, 1936 and the genus Baker-
nema Wu, 1964 are maintained. 
Criconema (Hofmanner and Menzel, 1914) comb. n. 
Syn. Blandicephalanema Mehta and Raski, 1971 
Criconema (HofmUnner and Menzel, 1914) Mehta and Raski, 1971 
Crossonema Mehta and Raski, 1971 
Neolobocriconema Mehta and Raski, 1971 
Pateracephalanema Mehta and Raski, 1971 
The following species are reinstated to Criconema. 
C. lateralis Khan and Siddiqi, 1963 
Syn. Criconemoides lateralis (Khan and Siddiqi, 1963) Raski and 
Golden, 1965 
Lobocriconema laterale (Khan and Siddiqi, 1963) De Crisse 
and Loof, 1965 
Neolobocriconema laterale (Khan and Siddiqi, 1963) De Crisse 
and Loof, 1965 
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£. serratum Khan and Siddiqi, 1963 
Syn. Criconema sulcatum Golden and Friedman, 1964 
Criconemoides serratus (Khan and Siddiqi, 1963) Raski 
and Golden, 1965 
Criconemoides sulcatus (Golden and Friedman, 1964) Raski 
and Golden, 1965 
Lobocriconema serratum (Khan and Siddiqi, 1963) De Grisse 
and Loof, 1965 
Neolobocriconema serratum (Khan and Siddiqi, 1963) Mehta 
and Raski, 1971 
The following species are transferred to Criconema. 
C. latens (Mehta and Raski, 1971) comb. n. 
Syn. Crossonema latens Mehta and Raski, 1971 
C. mehti (Mehta and Raski, 1971) nom. nov.; comb. n. 
Syn. Blandicephalanema serratum Mehta and Raski, 1971 
C. pilatum (Mehta and Raski, 1971) comb. n. 
Syn. Blandicephalanema pilatum Mehta and Raski, 1971 
C. venusturn (Mehta and Raski, 1971) comb. n. 
Syn. Crossonema venustum Mehta and Raski, 1971 
As the changes of Mehta and Raski (71) are not accepted, a new key 
to the species of Criconema HofmSnner and Menzel, 1914 is warranted. A 
knowledge of the cuticular ornaments is necessary to use the key and a 
technique for determining this is outlined. 
The nematode is placed on a glass slide with enough fixative or 
mounting media to float the coverslip above the body. The mounting solu­
tion is removed with a lens paper until the coverslip is touching and 
slightly compressing the body. The coverslip is moved from side to side 
so that the nematode will roll. By beginning the count from the corner 
of the vulva or at the excretory pore, one may determine the number of 
rows of spines or the number of spines per annule at midbody. The 
coverslip is removed by floating it off in the proper solution and the 
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undamaged nematode recovered. This author has used this method with 
great success. 
The major portion of the key that follows is based on that of Mehta 
and Raski (71). It has been improved by the deletion of sublateral 
lobes as a defining character and by the recombination of genera. The 
species accepted as valid by Mehta and Raski (71) are accepted here. 
Key to Species of Criconema Hofmanner and Menzel, 1914 
1. Spines or scales in longitudinal rows 2 
1. Spines or scales in a continuous fringe 
or not in longitudinal rows ----22 
2. Six rows of spines at midbody Criconema guernei 
(Certes 1889) 
HofmHnner and Menzel, 
1914 
2. Eight or more rows of spines or scales 
at midbody 3 
3. Eight rows of spines or scales at midbody 4 
3. Ten or more rows of spines or scales at midbody-11 
4. Female with two head annules 5 
4. Female with one head annule 8 
or two head annules, one large and one discoid 
5. Body scale long conoid, both head 
annules with a fringe of spines Criconema murrayi 
(Southern, 1914) 
Taylor, 1936 
5. Body scales broad, triangular, 
slightly retrorse, head annules smooth 6 
6. Stylet 92 microns, tail rounded conoid Criconema zernovi 
(Kirjanova, 1948) 
Chitwood, 1957 
6. Stylet less than 74 microns, tail 
elongate conoid 7 
7. Tail evenly conoid — —-----— Criconema octangulare 
(Cobb, 1914) Taylor, 
1936 
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7. Last five annules of tail attenuated, 
decreasing rapidly in width Criconema 1entiforme 
(S chuurman s-S tekhoven 
and Teunisson, 1938) 
De Coninck, 1945 
8. A delicate fringe connecting 
rows of scales Criconema mehti 
(Mehti aod Raski, 1971) 
Hoffmann, 1973 
8. No fringe connecting rows of scales -------- 9 
9. Seven to ten setiform projections on 
each scale Criconema pectinatum 
Colbran, 1962 
9. Scales rounded to rectangular, no 
setiform projections 10 
10. Labial annule divided into three sec­
tions, scales rounded, hemispherical, 
stylet 68-80 microns Criconema imbricatum 
Colbran, 1965 
10. Labial annule not divided, scales 
rectangular stylet 50-56 microns Criconema australe 
Colbran, 1963 
11. Ten rows of spines or scales at midbody—-- 12 
11. Twelve or more rows of spines of scales 
at midbody —------------- 17 
12. Scales not divided — 13 
12. Scales divided 16 
13. Stylet 107 - 116 microns Criconema rhombo squama turn 
(Mehta and Raski, 1971) 
13. Stylet less than 79 microns -- — 14 
14. Head annules crenate _________ Criconema decalineatum 
Chitwood, 1957 
14. Head annules smooth 15 
15. First head annule smaller than the 
second; body annules = 60-65 -------------- Criconema simalensis 
Jairajpuri, 1963 
15. First head annule = to second; 
body annules = 79-84 -—-— Criconema gracile 
(Mehta and Raski, 1971) 
16. Stylet 116-122 microns; 
body annules = 81-89 -- Criconema venustum 
(Mehta and Raski, 1971) 
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16. Stylet 98-105 microns, body annules = 
52-59 (see also C_, s e y m o u r i C r i c o n e m a  h u n g a r i c u m  
Andrassy, 1962 
17. Twelve rows of spines at midbody Criconema seymouri 
Stylet = 49-66 microns, annules = 55-64 Wu, 1965 
17. Greater than 14 rows of spines or 
scales at midbody — . 18 
18. Fourteen to fifteen rows of spines 
at midbody ------------------------------- 19 
18. Greater than 16 rows of scales or 
spines at midbody 20 
19. Spines divided --------------------------- Criconema tenuicaudatum 
Siddiqi, 1961 
19. Spines not divided — Criconema cobbi 
(Micoletzky, 1925) 
Taylor, 1936 
20. Sixteen rows of scales at midbody ----Criconema alticolum 
Colbran, 1965 
20. Eighteen to twenty-eight rows of 
scales at midbody — _______—-—--- 21 
21. Eighteen rows of scales at midbody Criconema duodevigintiline-
no spine on scale aturn Andrassy, 1968 
21. Twenty-eight rows of scales at midbody,--- Criconema pilatum 
scales with thin pointed conoid (Mehta and Raski, 1971) 
spine at distal end 
22. Spines in a continuous fringe, 
greater than 25 spines per annule 
at midbody 23 
22. Body spines arranged in palmate 
groups, 8 per annule at midbody ------— Criconema palmatum 
Siddiqi and Southey, 1962 
23. Annules less than 50 —--—--—- 24 
23. Annules greater than 50 -— 26 
24. Two head annules ---—----— —---- Criconema civellae 
24. One head annule 25 Steiner, 1949 
25. Stylet greater than 110 microns, Criconema laterale 
ring of cuticular spines inter- Khan and Siddiqi, 1963 
rupted laterally 
25. Stylet less than 100 microns, 
cuticular ornamentation not inter­
rupted laterally Criconema serratum 
Khan and Siddiqi, 1963 
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26. Body spines blunt, rectangular, 
24-28 per annule at midbody 27 
26. Body spines slender and more 
elongate, 30-70 per annule 
at midbody 29 
27. Spines on tail elaborate, club 
shaped to bifurcate, with many tiny 
refractive elements 28 
27. Spines on tail simple, digitately 
rounded — Criconema latens 
(Mehta and Raski, 1971) 
28. First head annule with distinct 
crenate margin Criconema coronaturn 
(Schuurmans-Stekhoven and 
Tenuisson, 1938) 
De Coninck, 1945) 
28. First head annule with four 
distinct equidistant notches --------- Criconema taylori 
Jairajpuri, 1964 
29. Head with three annules — Criconema multi squama turn 
(Kirjanova, 1948) Chitwood 1957 
29. Head with two annules 30 
30. Body spines pointed — --- Criconema aculeatum 
(Schneider, 1939) De Coninck 
1943 
30. Body spines bluntly rounded ---------- 31 
31. First head annule with a fringe 
of spines — Criconema menzeli 
(Stefanski, 1924) 
Taylor, 1936 
31. First head annule smooth to crenate -—32 
32. Body annules sloping forward; anterior 
vulva flap sculpted on its posterior 
margin, stylet = 68.7-80.7 microns---- Criconema proclivis 
Hoffmann, 1973 
32. Body annules not so, and anterior 
vulva flap not sculpted -------------- 33 
33. Body annules = 51-63; Stylet = 85-106 
microns, first head annule usually 
wider than second -------------------- Criconema fimbriaturn 
(Cobb, unpublished) 
Taylor, 1936 
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33. Body annules = 90, stylet = 101-120 
microns, first head annule equal to 
second Criconema aquitanense 
Fies, 1968 
Ecology of Criconema and Criconemoides 
in Iowa 
Distribution within Iowa 
The species of Criconema and Criconemoides known to exist in Iowa 
prairies and woodlands are tabulated in Table 5. Criconema species were 
found in 26.77» of the 303 samples collected. Criconema menzeli was 
present in 15,27» of the samples making it the most common of the five 
species found. Four of the five species of Criconema were first reported 
for Iowa and one was first reported for the United States by Mehta and 
Raski (1971). The data for the reports were collected in this study, 
Criconemoides species were found in 46.2% of the samples collected. 
Criconemoides xenoplax was found in 16.5% of the samples making it the 
most common species encountered. Twelve of the 14 species of Criconemoides 
recorded from Iowa are first reports for the state and two are new species. 
Criconemoides inaratus sp. n., C. petasus, C. pseudosolivagum, and C, 
inusitatus sp. n. are first reports for the United States. 
Field crops were sampled on 27 occasions and Criconemoides species 
were associated with them only three times (Table 5). Forty-four samples 
from the prairies and 198 samples from woodlands contained the vast 
majority of Criconema and Criconemoides species. Ten samples were collected 
in extreme northeastern Missouri and are included here because of habitat 
similarity to southern Iowa. The remaining 34 samples were collected from 
121 
Table 5. Occurrence of Criconoma and Criconomoides species in lowa 
1970-1971 
Species Habitat* No. of 
samples 
Nematodes/ 
sample 
Total samples 
7o 
Criconema P,W 81 26.7 
decalineatum P 6 15 2.0 
fimbriatumb W 14 11 4.6 
hungaricumf P,W 10 6 3.3 
P 2 6 
W 8 6 
menzeli^ W 46 19 15.2 
octangulare W 15 40 5.0 
Criconemoides P,W 140 46.2 
axesteO W 4 33 1.3 
discusd' P _e _e _e 
inaratus P 8 22 2.6 
incrassatusd P,W 13 11 4.3 
P 3 2 
W 10 14 
lameliatus^ P,W 10 23 3.3 
P 1 1 
w 9 25 
macrodorum F,W 33 45 10.9 
F 1 1 
W 32 7 
permistus^ P,W 4 21 1.3 
P 1 48 
W 3 11 
petasus^ W 3 23 1.0 
pseudosolivagum^ P,W 5 12 1.7 
P 2 2 
W 3 19 
= field crops; P = prairie; W = woodland; N = nursery. 
bpirst reported for lowa by Mehta and Raski (71) from information 
collected in this study, 
cpirst reported for Iowa and the United States by Mehta and Raski 
(71) from information collected in this study. 
^Indicates a first report from Iowa. 
®Data not available. 
fpirst report for the United States and Iowa. 
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Table 5. (Continued) 
Species Habitat^ No. of 
samples 
Nematodes/ 
sample 
Total samples 
1 
Criconemoides 
reedi^ W 3 33 1.0 
rusticumd W 9 5 3.0 
inusitatus^ W 1 _e _e 
xenoplax F,P,W,N 50 15 16.5 
N 5 15 
F 2 1 
P 1 5 
W 42 15 
xenoplax-s^ P 32 16 10.6 
Nursery N 34 11.3 
Field crops F 27 8.9 
Prairie P 44 14.5 
Woodlands W 198 65.3 
Combined samples F,P,W 303 100.0 
nursery stock. 
Cluster analyses were used as a means of interpreting nematode as­
sociations. A dendrograph of a cluster analysis clustering sites based 
on presence-absence and population size of nematode species was computer 
constructed, but it is not presented here due to the large size. Thirty-
nine of the 44 prairie sites clustered and were separated from the 
woodland sites. There was no clustering of individual prairie sites 
among themselves. This indicates that the species of Criconema and Cri-
conemoides are similar among the prairies. The similarity of nematode 
fauna among the prairies sampled indicates that the different soil forma­
tions in which the prairies occur do not exert a great effect in deter­
mining nematode species distribution. 
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The separate clustering of the woodlands from the prairies is not 
unexpected. The most obvious difference between the two habitats is 
vegetation. Since the differences are great, it is difficult to discount 
vegetation as an important factor in determining the distribution of 
Criconema and Criconemoides species. In one instance, however, Lathyrus 
venosus was sampled in both habitats. This species was sampled in the . 
Hayden and Sheeder Prairies and on open ridges in the Waubonsie State Park 
in Fremont Co., Iowa. Five species of Criconema or Criconemoides were 
associated with Lathyrus venosus in the prairie habitat, but these 
species were not associated with that plant in woodlands (Table 6). If 
this plant species was indeed being parasitized by the nematodes in ques­
tion in the prairie, but not in the woodlands, then vegetational differ­
ences would not seem important. 
The prairie and woodland habitats also differ in edaphic factors 
(Table 7), The organic matter content of the prairie soil samples aver­
aged 8,4% while that of the woodlands averaged 5,8%. The clay content 
of the prairie soils was also higher at 24,9% versus the 15,0% of the 
woodlands. This latter factor is no doubt instrumental in giving the 
prairie sites a higher field capacity (33,6%) than the woodlands (26,6%), 
Field capacity is a measure of the ability of soils to retain water, A 
greater field capacity indicates that a soil will retain water over a 
longer period of time. If moisture is a controlling factor of popula­
tions of Criconema and Criconemoides species (62, 63), then a higher 
clay content could be important in maintaining a moisture level above 
a critical stage for survival of certain species. 
Table 6. Number of nematode species associated with Lathyrus venosus Muhl. in Iowa prairie 
and woodland habitats, 1970-1971 
Site Habitat Populations of Criconema and Griconemoides species 
dscalineatum xenoplax-s inaratus incras-satus psuedosolivagum 
207 Hayden 
Prairie 
14 
215 Hayden 
Prairie 
53 77 - - -
278 Woodland - - - - -
282 Woodland - - - - -
287 Woodland - - - - -
288 Sheeder 
Prairie 
7 5 - 2 2 
296 Sheeder 
Prairie 
- 12 - - -
297 Sheeder 
Prairie 
8 - 33 - -
299 Sheeder 
Prairie 
- 9 - - -
Table 7. Average soil analyses of sites of species of Criconema and Criconemoides found in Iowa 
1970-1971; ranges are in parentheses 
Species pH O.M. Sand Silt Clay Field capacity 
% % % % % 
Criconema 
decalineatum 6 .0 (5 .5 -6 .8 )  6.6(5.1-7.9) 19.4(0.5-29.9) 56 .8 (45 .6 -89 .9 ) .  23.8(9.6-29.7) 33.4(27.0-40.2) 
fimbriatum 5.4(4.6-6.5) 4.9(2.3-9.5) 29.2(7.3-59.3) 57.7(34.8-81.3) 13.2(5.9-21.6) 26.3(18.9-38.5) 
hungaricum 5.2(4.5-6.2) 5.3(1.8-13.0) 44.7(14.2-70.8) 43.6(17.5-71.9) 11.7(4.7-17.0) 28.2(19.5-46.2) 
menzeli 6.2(4.3-7.7) 6.8(1.9->15.0) 35.5(6.7-84.5) 51.9(21.2-80.4) 12.6(0.0-27.4) 26.2(8.8-42.8) 
octangulare 6.6(4.3-7.7) 6.6(2.2-14.8) 31.3(6.7-57.6) 55.4(31.1-81.3) 13.3(6.8-25.7) 25.9(12,7-43.8) 
Criconemoides 
axeste 6.5(5.5-7.2) 6.5(2.3-11.3) 26.4(9.4-35.9) 63.9(55.9-79.8) 9.8(8.1-11.9) 30.1(26.2-35,6) 
discus -a -a -a _a -a 
inaratus 6.3(5.7-7.2) 7.4(6.0-9.4) 29.7(16.4-45.0) 46.2(31.9-55.0) 24.1(16.7-29.7) 33.9(21.5-46.2) 
incrassatus 6.5(4.8-7.3) 7.5(3.6-14.0) 32.1(0.5-72.6) 53.2(18.1-89.9) 14.7(5.9-27.1) 26.8(20.5-35.2) 
lamellatus 6.5(5.7-7.3) 8.5(4.0-14.0) 21,0(6,7-41,8) 60,3(46.1-80.4) 18.7(12.1-29.7) 28.4(13.0-34.7) 
macrodorum 5.7(4.5-7.7) 6.0(2.1->15.0) 30.4(4.6-66.3) 56.0(21.2-80.5) 13.6(0.0-25.9) 26.9(8.8-44.4) 
permistus 6.6(5.3-7.3) 4.0(1.9-8.3) 33.1(6.9-58.5) 49.7(28.6-67.2) 17.2(12.9-25.9) 24,0(19,9-28.4) 
petasus 7.3(7.1-7.4) 4.4(2.8-6.9) 43.0(26.9-52.9) 44.5(37.4-58.0) 12.5(9.7-15.1) 17.8(12.7-26.0) 
pseudosoUvagum 7.0(5.6-7.6) 4.9(2.4-6.7) 36.7(0.5-58.5) 48.5(21.6-89.9) 14.8(9.6-21.1) 27.2(24.3-31.1) 
reedi 5.2(4.9-5.5) 3.1(2.7-3.5) 44.0(31.6-53.6) 29.8(21.9-41.0) 26.3(24.5-27.4) 29.4(25.8-32.6) 
rusticum 6.0(5.5-6.6) 5.7(2.2-10.1) 16.2(6.4-40.8) 64.8(46.5-80.0) 18.9(10.1-27.4) 26.0(13.0-36.0) 
inusitatus^ 6.6 8.6 46.7 33.3 20.0 23.8 
xenoplaxc 6.1(4.4-7.4) 6.0(0.5->15.0) 34.5(1.5-92.1) 50.1(4.6-79.8) 15.4(0.0-38,1) 25,7(7,8-41.5) 
xenoplax-s 6.0(5.1-7.6) 8.0(4.6->15.0) 29.0(0.5-57.3) 46.7(21.6-89.9) 24.3(9.6-32.9) 33.9(16.4-59.5) 
Prairie samples 6.2(5.1-7.6) 8.4(2.8->15.0) 28.3(0.5-57.3) 46.8(21.6-89.9) 24.9(9.6-35.0) 33.6(16.4-59.5) 
Iowa combined 6.1(4.3-8.0) 5.9(0.5->15.0) 27.7(0.5-92.1) 53.5(4.6-89.9) 18.8(0.0-39,2) 28.3(7.8-59.5) 
Woodland samp.^ 6.1(4.3-8.0) 5.8(0.5->15.0) 33.1(0.7-92.1) 51.9(4.6-81.6) 15.0(0.0-39.1) 26.6(10.4-46.8) 
aoata not available. 
^One sample only. 
cIncludes five nursery samples. 
^Nursery and field crop data is not included. 
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A second cluster analysis was made by clustering nematode species 
on the basis of common sites. A dendrograph of this analysis gives in­
sight into nematode species association. Basically, three groups of 
nematodes occur (Fig. 29). Group A consists of species that are general­
ly found in woodland habitats, although two species, Criconema hungaricum 
and Criconemoides permis tus, are known to occur in prairies. Group B conr-
sists of species that are not commonly found with any other species. 
These are generally woodland inhabitants, but Criconemoides lamellatus and 
£. incrassatus were also found in prairies. Group C contains nematodes 
that are found primarily in the prairie habitat, but one species, 
Criconemoides psuedosolivagum, was found in woodlands also. 
An examination of Table 5 reveals that certain species were re­
stricted to each habitat. Criconema decalineatum, C. inaratus, and C. 
xenoplax-s were found only in the prairie habitat. Likewise, Criconema 
fimbriatum, C. menzeli, C. octangulare, Criconemoides axeste, C. petasus, 
C. reedi, C. rusticum, C. macrodorum, and C. xenoplax were restricted 
almost exclusively to the woodlands. Species overlapping within both 
habitats include Criconema hungaricum, Criconemoides incrassatus, £. 
lamellatus, C. permistus, and C. pseudosolivagum. Criconemoides xenoplax 
is recorded once within the prairie, but as the specimens were lost it 
is not known if the diagnosis was correct. 
The most common species in the prairie was C. xenoplax-s and that 
for the woodlands was C. xenoplax (Table 5). 
Fig. 29. Dendrograph clustering nematode species by sites in 
Iowa 1970-1971 (C = Criconema; Cr = Criconemoides) 
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Correlation of Nematode Populations with Vegetation 
Plant species associated with Criconema and Criconemoides species are 
tabulated in Tables 8 and 9. The data indicate that plant preferences ex­
ist for three of the 17 nematode species listed. 
Soil samples associated with Quercus species or Tilia americana were 
collected on 42 occasions. The 42 samples comprised 13.8% of the total 
samples and 21.2% of the woodland samples. Twenty-one of the 42 samples 
in question contained 424 nematodes of Criconema menzeli which comprised 
48.2% of the nematodes of that species collected in Iowa. In this case, 
plants found in 21.2% of the woodland samples are associated with 48.2% 
of the nematodes of C. menzeli. If C. menzeli were randomly distributed 
throughout the woodlands, then it would be expected that 21.2% of the 
nematodes of that species would be associated with Quercus species or 
Tilia americana. 
Criconema octangulare was found in 5.0% of the total samples and 7.6% 
of the woodland samples. This nematode was present in 55.6% of the 
samples associated with Acer species (Table 8), The correlation is 
weak, however, as these samples did not contain large numbers of C. 
octangulare. 
Criconemoides macrodorum is a commonly encountered species that was 
found in 10.9% of the total samples and 16.7% of the woodland samples 
(Table 5). This species was present in 51.6% of the samples associated 
Table 8 . Criconetna species associated with plant species in Iowa, 1970-1971 
Plant species® Number Total samples fimbriaturn menzeli 
sampled % decalineatum hungaricum octangulare 
Acer spp. 9 3.0 - - - 2" 5 
Carjra spp. 10 3.3 - 2 1 2 -
Celtis occidentalis 7 2.3 - - - - -
Juniperus spp. 14 4.6 - - - 2 -
Lathyrus venosus Muhl.^ 9 3.0 3 - - - -
Ostrya virginiana 7 2.3 - 3 - 3 1 
Parthenocissus inserta 10 3.3 - 1 1 2 -
Pinus strobus L. 10 3.3 - - 1 - 1 
Quercus spp. 31 10.2 - 5 2 13 2 
Tilia americana 11 3.6 - - - 8 1 
Other hardwoods 43 14.2 - - 1 5 2 
Mosses 13 4.3 - 2 - 4 -
Field crops 27 9.0 - - - - -
Grasses 19 6.3 - - 1 1 1 
Other coniferous trees 20 6.6 - - - - 1 
Woodland herbaceous plants 21 6.9 - 1 1 4 1 
Prairie spp. 28 9.2 3 - 2 - -
Miscellaneous nursery stock 14 4.6 - - - - -
Total 303 100.0 6 14 10 46 15 
^Indicates that only plant species comprising over 2.0% of samples are listed. 
^Number of times found. 
^Some sites containing this species were found within the prairie habitat and others in woodlands. 
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with Quercus species (Table 9), Quercus species were associated with 
10.2% of the total samples and 15.7% of the woodland samples. The 
majority (77%) of the nematodes of C. macrodorum are associated with a 
plant genus that was found in only 15.7% of the woodland sites. If C. 
macrodorum were distributed at random in the woodlands, then it would 
have been associated with only 16.7% of the samples collected near Quercus 
species instead of 51.6% that was recorded. In addition, only 15.7% of 
the nematodes of C. macrodorum that were collected would have been 
associated with Quercus species instead of 77%. Some variation would 
be .expected in the values, but not to the extent recorded. 
The remaining species are not correlated with a particular plant 
group or species. Criconemoides xenoplax was associated with a wide 
variety of plant species (Table 9), a fact that supports earlier findings 
that this species is polyphagous (97). 
Correlation of Nematode Species with Edaphic Factors 
Soil pH 
Criconema fimbriatum, C. hungaricum, Criconemoides macrodorum, and 
C. reedi were found in soil samples averaging a pH of 5.2 to 5.7 (Table 7) 
These values are below the average pH of 6.1 for the woodlands. Al­
though there are few samples containing C. reedi, the average pH of 5,2 
may represent a definite trend as this species was originally described 
from cranberry bogs in New Jersey (29), an environment with a typically 
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acid pH. This species was not found in soils with a pH above 5.5, al­
though the woodland samples ranged to pH of 8.0. 
The prairie samples differed from the woodland samples in that the 
pH values did not range below 5.1 (Table 7 ). Criconema decalineatum, 
Criconemoides inaratus and C. xenoplax-s, species restricted to 
prairies, were not found in soil samples with a pH value below 5,1. 
Criconemoides lamellatus, C. permis tus, and C. pseudosolivagum are 
species that are found in prairie and woodland habitats. None of the 
above species were found in soils with a pH below 5.3, although they 
are found in woodlands where the pH ranged to 4.3. This may indicate 
the pH limit for these species. 
Percent organic matter 
The woodland samples averaged an organic matter content of 5.8%, and 
the prairies averaged 8.4%, although both habitats had similar ranges in 
organic matter. Species restricted to either habitat were found in soils 
with organic matter averages and ranges similar to their particular habitat 
type. For this reason,the best information on the possible effect of 
organic matter on nematode distribution will be found with those species 
that were collected in both habitats. 
Criconemoides incrassatus and £. lamellatus were collected in 
prairie soils three times and once, respectively, and in woodlands 10 
and nine times, respectively. The average percent organic matter of the 
Table 9. Criconemoides species associated with plant species in Iowa, 1970-1971 
Plant species^ Number Total samples inaratus lamellatus permistus 
sampled % axeste incrassatus macrodorum 
Acer spp. 9 3.0 - - 3b 2 1 -
Carya spp. 10 3.3 - - 1 - - -
Celtis occidentalis 7 2.3 - - - - - -
Juniperus spp. 14 4.6 - - - - - -
Lathyrus venosus^ 9 3.0 - 1 1 1 - -
Ostrya virginiana 7 2.3 - - - - 2 -
Parthenocissus inserta 10 3.3 - - 2 1 3 -
Pinus strobus 10 3.3 - - - - 2 -
quercus spp. 31 10.2 - - - - 16 -
Tilia americana 11 3.6 1 - 1 2 - -
Other hardwoods 43 14.2 2 - 2 4 2 2 
Mosses 13 4.3 - - - - - 1 
Field crops 27 9.0 - - - - 1 -
Grasses 19 6.3 - 2 - - 1 -
Other coniferous trees 20 6.6 1 - - — . 2 -
Woodland herbaceous plants 21 6.9 - - 1 - 3 -
Prairie spp. 28 9.2 - 5 2 - - 1 
Miscellaneous nursery stock 14 4.6 - - - - - -
Total 303 100.0 4 8 13 10 33 4 
a 
Indicates that only plant species comprising over 2.0% of samples are listed. 
%umber of times found. 
G Some sites containing this species were found within the prairie habitat and others in woodlands. 
Table 9 . (Continued) 
Plant species^ Number Total samples pseudosolivagum rusticum xenoplax-s 
sampled % petasus reedi xenoplax 
Acer spp. 9 3.0 2 - - - 3 -
Carya spp. 10 3.3 - - - - 4 -
Ceitis occidentalis 7 2.3 - - - - 2 -
Juniperus spp. 14 4.6 - - - - 3 -
Lathyrus venosub 9 3.0 - 1 - - - 5 
Ostrya virginiana 7 2.3 - - - - 1 -
Parthenocissus inserta 10 3.3 - - -
-
6 -
Pinus strobus 10 3.3 - - - - - -
quercus spp. 31 10.2 - - - 1 6 -
Tilia americana 11 3.6 - - - - 4 -
Other hardwoods 43 14.2 1 1 - 5 11 -
Mosses 13 4.3 - - - - 1 -
Field crops 27 9.0 - - - - 2 -
Grasses 19 6.3 - 2 - - 1 9 
Other coniferous trees 20 6.6 - - - 3 2 -
Woodland herbaceous plants 21 6.9 - 1 3 - 3 -
Prairie spp. 28 9.2 - - - - 1 18 
Miscellaneous nursery stock 14 4.6 - - - - - -
Total 303 100.0 3 5 3 9 50 32 
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samples in which they were encountered was 7.5% for C, incrassatus and 8.5% 
for C. lamellatus (Table 7). The average organic matter content of 
the samples in which they were found was nearer the average for the 
prairie samples of 8.4%, although both nematode species were collected more 
often in the woodlands where the organic matter content of the soils 
tends to be lower. 
Criconema menzeli is a woodland inhabitant that was found in soils 
with an average organic matter content of 6.8% which is a full 1.0% above 
the average for the woodlands. This species was collected widely and the 
organic matter preference is probably real, however, the organic matter 
range of 1.9->15.0% indicates that this species may also be found in 
soils with a low organic matter content. Other factors must be operating 
as well as organic matter; otherwise this species would have been found 
in the prairies. 
Soil texture 
Percent clay Woodland soil samples averaged 15.0% clay and prairie 
samples averaged 24.9%. Species of Criconema and Criconemoides that were 
found in only one habitat type were collected in soils with a percent 
clay average near the average for that habitat type. Criconemoides reedi 
is an exception, however. This species was collected only from woodlands 
in soils that averaged 26.3% clay which is nearer the average of the 
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prairie soils. This species is one that seems to prefer a moist habitat 
and it is more likely that soils of greater clay content generally would be 
found occupying areas of low position where the most moist environment 
exists in woodlands. 
Percent silt and sand There seems to be no correlation between these 
factors and the presence of Criconema and Criconemoides species. 
Percent field capacity 
The woodland soils had a field capacity of 26.6% compared 
with 33.6% for the prairie soils (Table 7 ). This is probably due to the 
lower clay content of the woodland soils. Once again, nematode species that 
are found in only one particular habitat type were found in soils that had 
an average field capacity near that of the mean for that habitat type. The 
only exceptions to this are Criconemoides reedi and C. axeste. Criconemoides 
reedi was not found in soils with a field capacity less than 25.8% which 
ranks above that of the average for the woodland samples. This gives fur­
ther evidence to support the theory that this species prefers a moist 
habitat. Criconemoides axeste was associated with a high field capacity 
of 30.1%. The field capacity is probably due to the higher than normal 
silt content (63.9% silt) of the soils in which it was found. 
Environment and Nematode Morphology 
Criconemoides xenoplax-s was found in only four widely separated 
prairies and is identical to C. xenoplax of the woodlands in all 
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morphological traits except for stylet length. The stylet length of C. 
xenoplax-s varies between 48-56 y compared with 60-93 for C. xenoplax of 
the woodlands. 
The identity of the short styleted C. xenoplax-s has been confirmed 
by Dr. A. DeGrisse, a leading authority on Criconemoides species. It now 
becomes clear that different habitats can have a profound effect upon the 
development of at least one morphological character of Criconemoides species 
that is also used as a primary taxonomic feature. This is no doubt partly 
responsible for the large number of synonyms in this genus. The vari­
ance of taxonomic characters should not be a problem, however, if the 
individual taxonomist is cognizant of its occurrence. The problem then 
lies in determining the variable morphologic features and the range of their 
variance in each species. 
It is difficult to determine the factors that are responsible for 
the nematode distribution differences between the Oak-Hickory and the 
Prairie communities. The differing vegetation between the two communities 
would seem the most likely cause. 
The fact that Lathyrus venosus was sampled in prairies and woodlands, 
but was not associated with the same species of nematodes in both communi­
ties indicates that vegetation may not be an important factor at all. 
Vegetation does have some effect upon nematode species distribution 
within the Oak-Hickory communities, as evidenced by correlations of 
Criconema menzeli with Quercus species and Tilia americana, Criconema 
octangulare with Acer species, and Criconemoides macrodorum with Quercus 
species. The previous correlations do not imply obligate parasitism as all 
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three nematode species were associated with a wide variety of plant 
species. Quercus species are generally found in the uplands occupying 
the drier sites. Perhaps the nematode species that are correlated with 
Quercus species are found more often with higher populations around oaks 
because a drier habitat is optimum for survival and reproduction. This 
theory seems untenable for Criconema menzeli as this species was de­
scribed from the moist environment of sphagnum bogs. 
The soil analyses indicate that the prairie and woodland .'ioils dif­
fer primarily in the percentage organic matter, percent clay, and field 
capacity. Unfortunately, nematode species that are unique to the prairie 
or woodland tend to be found in soils with an average soil analysis 
similar to the soils of that particular habitat. Thus, any or all of 
these factors could be important in determining the distribution of these 
nematode species. 
The woodlands tended to be located on eroded, steep, and well-drained 
land, whereas the prairies were located on a flat topography. This coupled 
with the greater clay content and field capacity of the prairie soils make 
the prairies a moist area that is less subject to extreme drying. This 
could explain why the prairie nematodes are not found in the woodlands, but it 
would not explain why many woodland nematodes are not found in the prairie. 
Ecology of Criconema and Criconemoides in the Eastern Survey 
Distribution within the Eastern samples 
The species of Criconema and Criconemoides found in the eastern 
survey are tabulated in Table 10. Criconema species were found in 45.0% 
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Table 10. The occurrence of Bakernema Criconema and Criconemoides species 
in Maine, New York, Vermont, and New Hampshire, 1971 
Nematode Habitat Number Nematodes/ Total samples 
species samples sample % 
Bakernema 
inaequale woodland 36 26 14.3 
Criconema 45.0 
fimbriatum woodland 16 18 5.9 
menzeli woodland 66 14 25.9 
octangulare woodland 35 27 13.9 
proclivis® woodland 11 15 4.3 
seymouri woodland 1 18 0.4 
Criconemoides 53,8 
axes te woodland 3 29 1.2 
incrassatus woodland 1 14 0.4 
longulab woodland 1 43 0.4 
petasus woodland 8 4 3.2 
reedic grassland 1 5 0.4 
rusticum woodland 
cropland 8 113 3.2 
sphagni woodland 116 37 46.2 
xenoplax woodland 8 13 3.2 
Total samples 251 
*First reported for the United States from information collected in 
this study. 
bpirst report for the United States. 
single sample that was not collected in the same survey. 
of the 251 samples collected in Maine, New Hampshire, New York, and 
Vermont. Criconema menzeli was present in 25.9% of the samples collected 
making it the most common of the six species found. Criconema proclivis 
sp. n. was discovered in the course of this survey, but the description 
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was published at an earlier date (44). Criconemoides species were found 
in 53.8% of the samples collected. Criconemoides sphagni was the most 
common species occurring in 46.27» of the samples. The most common species 
in Iowa was C, xenoplax, but this species was found in only 3.2% of the sam­
ples collected in the eastern states. 
Comparison of eastern nematode populations with Iowa populations 
Of the nematode species that were found in both surveys, Criconemoides 
axeste, £. incrassatus, £. petasus, and C. xenoplax were found with popu­
lation levels similar to that of Iowa when expressed on a nematode per 
sample basis (Tables 5, 10). These same species were not found as fre­
quently in the eastern survey, however, as in the Iowa study (Tables 5, 
10). In contrast, Criconema menzeli and C. octangulare were found in 
15.27. and 5.0%, respectively of the Iowa samples, but they were found in 
25.9% and 13.9%, respectively of the eastern samples. The same species 
were found with average populations of 19 and 40 nematodes per sample, re­
spectively in the Iowa survey, but only 14 and 27 per sample, respectively 
in the eastern survey (Tables 5 , 10). The frequency of occurrence of C. 
menzeli and C. octangulare was greater in the eastern samples, but the 
average population size was smaller, 
Criconema seymouri, Criconemoides incrassatus, C. longula, and C. 
reedi were found in only one sample each in the eastern survey. Because of 
the scarcity of samples little will be said regarding these species. 
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Correlation of Nematode Species and Populations with 
Edaphic Factors 
Soil pH 
The average soil pH for all of the sites sampled in the eastern 
survey was 4.0. Criconemoides rusticum and C. xenoplax were found in 
soils that averaged pH values of 5.6 and 5.3, respectively (Table 11), 
The latter values indicate that these species prefer soils of higher 
pH. This would confirm the findings of Seshadri (97) that reproduction 
of C. xenoplax is better at pH 5.0 than at pH 3,0. Other Criconemoides 
species were found in soils averaging pH values both above and below the 
sample mean, but these were not of the magnitude as the pH deviations 
mentioned for the preceding species (Table 11). Criconemoides reedi was 
found in only one sample at a pH of 4.5 which serves to reinforce evidence 
that this species prefers acid soils. 
Percent organic matter 
Soil samples containing greater than 15% organic matter were unmeasure-
able by the method used and were classified as duff mull. Of the entire 
sampling, 73.67» of the samples were classed as duff mull (Table 11). A 
nematode species that is not affected by soil organic matter would have ap­
proximately 73.6% of the associated soil samples classified as duff mull, 
Criconemoides axeste, C, petasus, C. rusticum, and C. xenoplax were 
found in soil samples of which 50.0% or fewer were classified as duff mull. 
These species occurred in duff mull samples at a lesser rate than ex­
pected if their distribution were independent of the organic matter content 
of the soil samples. Thus, the four above mentioned species seem to prefer 
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soils with an organic matter content less than 15%, although they may 
be found in soils of greater organic matter content on occasion (Table 11), 
Decomposition products of particulate organic matter are deleterious to 
some species of nematodes (80, 91), Although unknown for Criconemoides 
species, it would account for the negative correlation of Criconemoides 
axeste, £. petasus, C, rusticum and C, xenoplax with organic soils. 
In contrast, C. sphagni, Bakernema inaequale, Criconema fimbriatum, 
C. proclivis and C. menzel were found in soil samples of which 8 2.87» or 
more were classified as duff mull. The occurrence of these species in duff 
mull was greater than expected and may indicate that soils containing more 
than l57o organic matter are preferred. 
The data indicate that C. octangulare is distributed independently 
of the soil organic matter content in the eastern samples (Table 11) and 
confirms the findings for this species in the Iowa survey (Table 7). 
Soil texture 
Soils which could not be analyzed for texture due to the great organic 
matter content were classified as peat and those remaining were classified 
as mineral soils (Table 11), Of the samples taken in the eastern survey, 
63.57» were peat soils and this is the rate that they should be associated 
with nematode species that occur independently of soil texture. 
Criconemoides axeste, C, petasus, C, rusticum, and C. xenoplax were 
found in soil samples of which 12,5% or fewer were peat. This is well below 
the rate at which peat soils occurred in the total sampling, indicating 
that these species prefer mineral soils. 
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Criconemoides sphagni, Bakernema inaequale, and Criconema menzeli 
were found in soil samples of which 75.97o-78.87„ were peat. These values 
are near the 63.57, average of the total sampling, but the difference is 
felt to be real as the number of samples containing each of the species is 
large (Table 11). The three above species seem to prefer peat soils. 
Criconema fimbriatum and C. proclivis are distributed independently 
of the soil textural classification in the eastern samples. These data 
agree with the findings concerning £. fimbriatum in the Iowa study. 
Of the soil samples containing Criconema octangulare, 45.7% were peat, 
thus indicating a preference for mineral soils. This was surprising since 
the data indicated no preference for soils with an organic matter content 
less than 157». 
Field capacity 
The eastern soil samples averaged a field capacity of 94.87. because 
many samples were soils of high organic matter content. Criconemoides 
axeste, £. petasus, C, rusticum, and £. xenoplax were found in soils 
with an average field capacity of 41.27. or less. None of the four species 
were associated with a soil sample with a field capacity greater than 66.7%. 
Bakernema inaequale, Criconema fimbriatum, C, menzeli, C. proclivis, 
and Criconomoides sphagni were found in soil samples with an average 
field capacity near that of the combined samples (Table 11). These species 
are occurring in soils of high field capacity at random and no preference 
is being expressed with the possible exception of C. menzeli. 
The soil samples containing Criconema octangulare averaged a field 
Table 11. Average soil analyses of sites containing species of Bakernema, Criconema, and 
Criconemoides in Maine, New York, Vermont and New Hampshire, 1971 (ranges are in 
parentheses) 
Nematode species pH Organic matter 
Duff mull O.M. <157. 
7o duff 
mull 
Texture 
Peat Mineral 
soil 
% 
peat 
% field 
capacity 
Bakernema 
inaequale 3.6(3.1-4.5) 35 1 97.2 28 8 77.8 92.8(18.0-317.0) 
Criconema 
fimbriaturn 3.5(3.0-4.1) 16 0 100.0 11 5 68.8 107.9(45.0-317.0) 
menzeli 3.8(2.8-6.9) 56 10 84.8 52 14 78.8 120.9(12.3-338.3) 
octangulare 4.1(3.0-6.2) 26 9 74.3 16 19 45.7 75.5(13.8-183.5) 
proclivis 3.3(2.8-3.8) 10 1 90.9 7 4 63.6 82.8(24.0-223.1) 
seymouri 4.2 1 0 100.0 0 1 0.0 33.9 
Criconemoides 
axeste 4.4(4.3-4.8) 0 3 0.0 0 3 0.0 18.4(6.7-30.2) 
incrassatus 4.7 0 1 0.0 0 1 0.0 39.8 
longula 3.5 1 0 100.0 0 1 0.0 52.4 
petasus 4.1(3.1-4.4) 4 4 50.0 1 7 12.5 41.2(13.8-66.7) 
reedi 4.5 1 0 100.0 _a _a _a 
rusticum 5.6(3.2-6.8) 1 7 12.5 1 7 12.5 34.3(15.6-59.6) 
sphagni 3.7(2.9-6.7) 102 14 87.9 88 28 75.9 108.7(12.3-338.3) 
xenoplax 5.3(4.1-7.2) 1 7 12.5 0 8 0,0 33.2(15.6-52.4) 
Total samples 4.0(2.8-7.4) 184 66 73.6 153b 88 63.5 94.8(5.3-338.3) 
*Data not available. 
^Data lost from 10 samples and are not included. 
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capacity of 75.5% which is below the average for the combined samples. 
Data discussed previously indicated that this species preferred mineral 
soils, but no preference for organic matter content was noted. The aver­
age field capacity of the soil samples is low perhaps showing the influence 
of the mineral soils, but the average field capacity is greater than that 
of soils low in organic matter. 
Correlation of Nematode Species with Vegetation 
The nematode species associated with the various plant species are 
tabulated in Tables 12 and 13. Criconema octangulare was the most specific 
plant associated species being found commonly with Acer saccharum (Table 
12). Acer saccharum was associated with 12.0% of the samples collected in 
the eastern survey and 15.6% of those from the Hemlock-Hardwood Forest 
formation, however, it was associated with 48.6% of the samples contain­
ing C, octangulare. This evidence reinforces the data from Iowa that 
Acer species were a preferred plant species for £. octangulare. No dominant 
or consistent plant associations were found with the remaining nematode 
species. Some species were found so few times that speculations regard­
ing host preference were unjustified. Bakernema inaequale, Criconema 
menzeli, C. octangulare and Criconemoides sphagni were associated with a 
wide variety of plant species thereby indicating a possibly wide host range 
for these species (Tables 12, 13). 
Table 12. Bakernema and Criconema species associated with plant species in Maine, New York, Vermont, 
and New Hampshire, 1971 
Plant species^ Number Total fimbriatum proclivis seymouri 
samples samples B. inaequale menzeli octangulare 
7. 
Abies balsamea (L.) Mill. 32 12.7 9^ - 10 1 2 
Acer rubrum L. 7 2.7 6 - - 2 1 
Acer pensylvanicum L. 4 1.6 - - 1 
Acer saccharum Marsh. 30 12.0 5 6 6 4 17 
Betula lutea Michx. f. 28 11.2 4 1 11 1 4 
cordifolia (Regel) Fern. 29 11.6 1 1 7 - 1 -
Fagus grandifolia Ehrh. 22 8.8 4 6 5 4 6 -
Picea rubens Sarg. 28 11.2 4 - 17 - 1 -
Pinus strobus 10 4.0 - 1 1 - - -
Fopulus tremuloides Michx. 6 2.4 - - - - -
-
Tsuga canadensis (L.)Carr. 22 8.8 3 1 5 - 1 -
Grasses 7 2.7 - - - - -
Others 26 10.3 - - 4 - 1 -
Total 251 100.0 36 16 66 11 35 1 
^Indicates that only plant species comprising over 2.0% of the samples are listed with one 
exception. 
^Number of times found. 
Table 13. Criconemoides species associated with plant species in Maine, New York, Vermont, and New 
Hampshire, 1971 
Plant species* Number Total samples incrassatus petasus sphagni 
sampled % axeste longula rusticum xenoplax 
Abies balsamea 32 12.7 - - - • - l"" 19 -
Acer pensylvanicum 4 1.6 - - - - - 2 -
Acer rubrum 7 2.7 - - 1 - - 5 -
Acer saccharum 30 12.0 - 1 - 4 - 14 2 
Betula lutea 28 11.2 - - - 1 - 26 1 
Betula papyrifera 29 11.6 - - - - - 18 1 
Fagus grandifolia 22 8.8 - - - 2 - 8 1 
Picea rubens 28 11.2 - - - - - 8 -
Pinus strobus 10 4.0 1 - - - 2 2 1 
Populus tremuloides 6 2.4 - - - - - - -
Tsuga canadensis 22 8.8 - - - 1 1 10 2 
Grasses 7 2.7 - - - - 2 1 -
Others 26 10.3 2 - - - 2 3 -
Total 251 100.0 3 1 1 8 8 116 8 
^Indicates that only plant species comprising over 2.0% of the samples are listed with one 
exception. 
^Number of times found. 
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Correlation of Nematode Species Presence-Absence and 
Populations with Vegatational Formations 
A computer dendrograph was constructed of a site cluster analysis 
based upon presence-absence data and nematode populations, but it is not . 
included here due to its large size. The dendrograph is naturally divided 
into six large clusters each cluster consisting of sites with similar 
nematode fauna. 
All except eight of the 251 samples collected were taken in three 
vegetational formations: (i) the Alpine-Tundra formation; (ii) the Boreal 
Forest formation; and (iii) the Hemlock-Hardwood Forest formation. The 
plant species sampled in each vegetational formation are tabulated in 
Table 14. A weak correlation exists between the population size of some 
nematode species and the vegetational formation in which the majority of 
the samples of each cluster were taken (Table 15). The clusters were ar­
ranged in ascending order according to the percentage of the sites that 
were taken in the Hemlock-Hardwood Forest formation. The average numbers 
of Criconema menzeli and Criconemoides sphagni decreased with an increase 
in the number of sites that were collected in the Hemlock-Hardwoods forma­
tion, whereas the average numbers of Criconema octangulare increased. This 
indicates that the first two species were favored by sites in the Boreal 
Forest and Alpine-Tundra formations and the latter species was favored 
by sites collected in the Hemlock-Hardwoods formation. 
Cluster no. 1 was naturally divided into four smaller subclusters. 
Each subcluster was given an alphabetical letter for identification and 
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Table 14. Plant species sampled in each vegetational formation in Maine, 
New York, Vermont, and New Hampshire, 1971 
Vegetational formation Plant species 
Alpine-tundra 
Boreal Forest 
Betula papyrifera var, cordifolia 
Picea rubens^ 
Heath (Vaccinium sp. ?)^ 
Abies balsamea^ 
Betula lutea& 
Betula papyrifera var. cordifolia^ 
Picea rubens& 
Hemlock-White Pine-Hardwoods Abies balsamea 
Acer pensylvanicum 
Acer rubrum 
Acer saccharum^ 
Betula lutea 
Betula papyrifera var. cordifolia 
Fagus grandifolia* 
Picea rubens 
Pinus strobus 
Tsuga canadensis* 
&Most common plant species. 
and is illustrated in Figure 30. The subclusters were ranked in descending 
order according to the average population size of Criconemoides sphagni and 
tabulated with the vegetational formations in Table 16. The average 
population size of C. sphagni decreased from 157 to 37 nematodes per sample 
and the percentage of samples taken in the Hemlock-Hardwood formation 
increased from 41.77» to 100.0% of the samples. The percentage of the 
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Table 15. Correlation of nematode populations of clusters resulting 
from the cluster analysis of data from Maine, New York, 
Vermont, and New Hampshire with vegetational formations 
(The cluster analysis was made by clustering sites based 
upon presence-absence and populations of Criconema and 
Criconemoides species) 
5 
Cluster 
1 2 6 3 4 
Sites/cluster 33 37 13 27 23 16 
Hemlock-Hardwood samples (%) 48.5 64.9 76.9 77.8 82.6 100.0 
Alpine-tundra and Boreal 
Forest samples(%) 51.5 35.1 23.1 22.2 17.4 0.0 
Similarity coefficient .34 .49 .76 .34 .74 .40 
Nematode species 
(population/sample)* 
Criconema 
menzeli 11.5 3.2 11.8 0.3 0.4 4.7 
octangulare 0.7 5.0 0.0 1.6 2.1 40.3 
Criconemoides 
sphagni 0.7 87.6 35.5 4.4 16.3 1.9 
*Based upon the total samples in a cluster. 
samples taken from the Boreal Forest and Alpine-Tundra formations decreased 
from 58.3% to 0.0% of the sites. It is evidentythat the average population 
size of C. sphagni is positively correlated with the percentage of the 
samples taken from the Boreal Forest and Alpine-Tundra formations and 
negatively correlated with the percentage of the samples taken in the 
Hemlock-Hardwoods formation. 
Fig. 30. Dendrograph of Cluster no, 1 illustrating sites con­
taining Criconemoides sphagni from Maine, New York, 
Vermont, and New Hampshire, 1971 (The cluster analysis 
was made by clustering sites based upon presence-
absence and nematode species populations) 
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The cluster analysis of sites by species indicates that certain 
nematode species are favored in different vegetational formations which are 
tabulated in Tables 17 and 18. While 14 species were found in the Hemlock-
Hardwoods formation (Table 18), only Criconema menzeli and Criconemoides 
sphagni were found in the Alpine-Tundra and Boreal Forest formations 
(Table 17). 
The average population size of C. sphagni decreased from 54.9 nema­
todes per sample in the Boreal Forest-Alpine Tundra formations to 30.9 
nematodes per sample in the Hemlock-Hardwoods formation (Tables 17 and 18). 
Plant species in the Boreal Forest are also found in the Hemlock-Hardwoods 
Forest formation (Table 14) and thus, a host factor is not the likely cause 
of the discrepancy in the average population size between the vegetational 
formations. Other possible explanations are that the edaphic and climatic 
factors are not optimum for C. sphagni in the Hemlock-Hardwoods formation. 
The presence of other nematode species in the Hemlock-Hardwoods formation 
(Table 18) may be affecting the population size of C. sphagni, possibly 
through competition for feeding sites. In the presence of other nematode 
species, the populations of Criconemoides ornatus on Bermuda grass were 
depressed, presumably because the latter species was a poor competitor (53). 
The same could be happening to C. sphagni. 
Correlation of Nematode Associations with Edaphic Factors 
In the Iowa survey, C. menzeli was associated with Criconemoides 
xenoplax (Fig. 29), but the latter species was not commonly found in the 
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Table 16. Correlation of vegetational formations with the average popula­
tion of C. sphagni in the subclusters of the dendrograph 
illustrated in Figure 28 
Sub- C. sphagni Alpine-tundra and Hemlock-White Pine-
cluster average popu- Boreal Forest Hardwoods samples (7») 
lation samples (%) 
D 157 58,3 (7)^ 41.7 (5)b 
B 101 60.0 (3) 40.0 (2) 
A 73 37.5 (3) 62.5 (5) 
C 37 0.0 (0) 100.0 (12) 
*Per sample basis for all samples in a subcluster. 
Number of samples. 
Table 17, Criconema and Criconemoides species in the Boreal Forest and 
Alpine Tundra Vegetational formations 
Nematode 
species 
Number of 
samples 
Total samples 
% 
Population/ 
sample* 
Criconema 
menzeli 21 36.8 13.6 
Criconemoides 
sphagni 31 54.4 54.9 
Total samples 57 100.0 
*Based upon samples containing each species. 
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Table 18. Bakernema, Criconema and Criconemoides species in the Hemlock-
Hardwood Vegetational formation 
Nematode Number of Total samples Population/ 
species samples % sample* 
Bakernema 
inaequale 36 18.3 26.2 
Criconema 
fimbriatum 16 8.3 17.6 
menzeli 45 23.4 13.7 
octangulare 35 17.2 27.2 
proclivis 11 5.7 14.8 
seymouri 1 0.5 18,0 
Criconemoides 
axeste 3 1.6 29.0 
incrassatus 1 0.5 14.0 
longula 1 0.5 43.0 
petasus 8 4.2 4.2 
reedi 1 0.5 5.0 
rusticum 8 4.2 113.0 
sphagni 85 44.3 30.9 
xenoplax 8 4.2 13.1 
Total samples 192 100.0 
^Based upon samples containing each species, 
eastern samples (Table 10). A cluster analysis clustering nematode species 
based on common sites in the eastern samples was made. The dendrograph 
(Fig. 31) is divided naturally into two subclusters, A and B, 
Criconemoides xenoplax which clustered with Criconema menzeli, C. fimbriatum 
and C, octangulare in Iowa now clusters with Criconemoides rusticum. The 
three Criconema species now cluster with Criconemoides sphagni, a nematode 
not present in the Iowa study. 
A study of soils (Table 11) in which the various nematode species were 
found gives clues as to the factors that are affecting the nematode 
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association patterns noted in Figure 31. Criconemoides axeste, G. petasus, 
Ç. rusticum, and C. xenoplax cluster in subcluster B, These species were 
generally found in mineral soils with an organic matter content less than 
15%, a pH average above 4.0 and an average field capacity less than 
41.2%. Thus, these four species preferred mineral soils similar to those 
found in Iowa rather than the peat soils that comprised the major portion 
of the samples taken in the eastern states. The relative scarcity of 
mineral soils in the eastern sampling probably accounts for the fact that 
G. xenoplax was found in only 3.2% of the samples in the eastern survey 
compared with 16.5% of the Iowa samples, 
Criconemoides sphagni, Bakernema inaequale, and Criconema menzell 
were generally found in peat soils with an organic matter content greater 
than 15%, an average pH less than 4.0, and an average field capacity 
greater than 92.8%. 
Criconema fimbriaturn and C. proclivis were associated with the three 
previously mentioned species and generally are found in the same type of 
soils. The only exception is that these two species are distributed inde­
pendently of the textural classification of the soil. 
Criconema octangulare was found to be distributed independently of 
soil organic matter content and preferred mineral soils, however, this 
species was associated with those nematode species that had a decided 
preference for peat soils (Fig. 31). The one edaphic factor that linked 
£. octangulare to those species and not to the species preferring mineral 
soils was organic matter. Of the soils containing C. octangulare, 74.3% 
were classified as duff mull which was much higher than the rate of 50.0% 
for the species that were found in mineral soils. In short, £. octangulare 
Fig. 31. Dendrograph clustering 
New York, Vermont, and 
Cr. = Criconemoides; B 
nematode species by sites in Maine, 
New Hampshire, 1971 (C = Criconema; 
= Bakernema) 
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was being found in soil samples with Criconemoides sphagni, Criconema 
fimbrlatum, C. proclivis, C. menzeli, and Bakernema inaequale because it 
could tolerate soils with an organic matter content greater than 15%, where­
as Criconemoides axeste, C. petasus, C. rusticum, and C, xenoplax could not. 
The latter four species did not occur often in the eastern samples as most 
soils had an organic matter content greater than 15%. As a result, there 
was less opportunity to collect C. octangulare in association with those 
species. At this point, the distribution of Criconemoides axeste, £. petasus, 
C, rusticum, and C, xenoplax seem to be controlled by the organic matter 
content of the soils. 
Criconema menzeli and Criconemoides sphagni were distributed into the 
Alpine-Tundra and Boreal Forest vegetational formations, but the remaining 
nematode species were not. Factors responsible for this were not 
elucidated in this study, but host factors should probably be eliminated 
from consideration. 
Unlike Johnson et al. (56), data from this study indicate that a single 
edaphic factor is responsible for the different nematode distribution patterns 
between the Hemlock-Hardwood and the Oak-Hickory Forest formations. 
Criconemoides axeste, £. petasus, C. rusticum, and C. xenoplax are restricted 
to soils with an organic matter content less than 15%. 
Host factors are most likely not responsible for the different nematode 
distribution patterns although some species are affected. 
Numerous unexplained correlations were noted between soil factors and 
nematode species. 
Reasons are unknown for the decreased population sizes of C. sphagni 
in the Hemlock-Hardwoods Forest formation, but it is felt that competition 
from other species of nematodes may play a major part. 
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Ecology of Criconema and Criconemoides of 
Northern Minnesota and Wisconsin 
The samples from Minnesota and Wisconsin were combined because they 
were all taken within the Hemlock-Hardwood Forest formation, they had 
similar nematode fauna, and the combined total was only 53 samples. 
Bakernema inaequale, Criconemoides incrassatus, C. longula, and C. 
macrodorum were found in so few samples as to make conclusions regarding 
them unjustified (Table 19). 
Criconema octangulare was the most common species of this genus 
being found in 24.5% of the samples, while £. menzeli was found in 17.07, 
(Table 19), Criconemoides sphagni was the most common species of the 
genus being found in 28.3% of the samples. Criconemoides xenoplax was not 
recovered. Criconemoides macrodorum was found only once and it is the 
first time that this investigator has recovered it outside of the Oak-
Hickory Association area. 
Correlation of Edaphic Factors with Nematode Species 
The soil analyses of samples averaged over both states indicate 
that these soils are Intermediate between those sampled in Iowa and 
those sampled in the eastern survey (Table 20). The average pH was 4.9, 
24.5% of the samples had an organic matter content greater than 15%, 
24.5% were peat soils, and the average field capacity was 25.7%. It is 
evident from this analysis that the majority of the soils sampled in 
Minnesota and Wisconsin were mineral soils. 
Table 19. Occurrence of Bakerrema, Criconema, and Criconemoides species in samples collected from 
Wisconsin and Minnesota, 1971-1972 
Nematode species Habitat Number of 
samples 
Nematodes/ 
sample 
Total samples 
Bakernema 
inae quale woodland 5.7 
Criconema 
menzeli 
octangulare 
woodland 
woodland 
19 
9 
13 
30 
21 
35.8 
17.0 
24.5 
Criconemoides 
incrassatus 
longula 
macrodorum 
petasus 
sphagni 
woodland 
woodland 
woodland 
woodland 
woodland 
22 
3 
1 
1 
4 
15 
1 
206 
115 
2 
15 
41.5 
5.7 
1.9 
1.9 
7.5 
28.3 
Total 53 
Table 20. Average soil analyses of sites containing species of Bakernema, Criconema, and Criconemoides 
from Wisconsin and Minnesota, 1971-1972 (ranges are in parentheses) 
Nematode species PH Organic matter Duff mull Texture Peat Field capacity 
Duff mull O.M.<15% % Peat Mineral % % 
Bakernema 
inaequale 4.3(4.1-4.5) 0 3 0.0 0 3 0.0 24.1(20.7-29.9) 
Criconema 
menzeli 4.6(3.6-5.7) 5 4 55.6 5 4 55.6 28.3(7.9-44.8) 
octangulare 4.4(3.9-4.9) 1 12 7.7 1 12 7.7 24.4(6.5-34.6) 
Criconemoides 
incrassatus 6.0(5.7-6.2) 2 1 66.6 2 1 66.6 17.0(7.5-26.4) 
longula 5.2 1 0 100.0 1 0 100.0 69.3 
macrodorum 4.4 0 1 0.0 0 1 0.0 21.7 
petasus 5.6(4.5-6.3) 1 3 25.0 1 3 25.0 20.0(7.5-30.7) 
sphagni 4.9(3.6-7.0) 5 10 33.3 5 10 33.3 23.1(7.5-31.7) 
Total samples 4.9(3.6-7.0) 13 40 24.5 13 40 24.5 25.7(6.5-97.8) 
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Percent organic matter and texture 
Of the 53 samples collected, only 24.5% had an organic matter content 
greater than 15% and a textural classification of peat. Criconema menzeli 
and Criconemoides sphagni preferred soils with these attributes as 55.6% 
and 33.3%, respectively of the samples containing them possessed an organic 
matter content greater than 15% and a textural classification of peat 
(Table 20). 
Criconema octangulare was favored by soils with organic matter con­
tents less than 15% and by mineral soils as only 7.7% of the soils contain­
ing it were duff mull and peat. 
Soil pH and field capacity 
With the advent of these new data, a low pH and a high field capacity 
do not appear to be important in the distribution of C. sphagni. This 
species was found in soils that averaged a pH of 4.9 and a field capacity 
of 23.1% in Wisconsin and Minnesota, whereas the values for these factors 
were pH of 3.7 and a field capacity of 108.7% in the eastern survey. 
The most consistent factor that occurred in the eastern sampling and 
in Wisconsin and Minnesota was that C. sphagni occurred in soils of high 
organic matter at a rate greater than expected if its distribution were at 
random. The distribution of C. sphagni is dependent upon soils with an 
organic matter content greater than 15% and a texture classification of 
peat. 
Mineral soils comprised a greater percentage of the samples in Wis­
consin and Minnesota than in the eastern survey. The average population 
of C. sphagni was 15 nematodes per sample in Wisconsin and Minnesota as 
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compared with 37 nematodes per sample in the eastern survey. The average 
population size was smaller when peat and duff mull soils made up fewer 
of the samples taken. 
Correlation of Nematode Species with Vegetation 
There were no noticeable correlations between nematode species and 
vegetation (Tables 21, 22). Criconema octangulare was present in every 
sample associated with Acer saccharum, but as that comprised only three 
samples any conclusions regarding the association are probably unjustified. 
Cluster analyses 
Cluster analyses were constructed on the combined data of Wisconsin 
and Minnesota, but this researcher was unable to correlate any edaphic or 
vegetational factors with the dendrographs of the analyses. 
In review, the data from Wisconsin and Minnesota does support the 
conclusions drawn concerning the nematode fauna in the eastern sampling. 
In particular, the distribution of C. sphagni does seem to be dependent 
upon the presence of organic soils, i.e. soils with an organic matter 
content greater than 15%. In the eastern states, organic soils were more 
common in the Hemlock-Hardwood Association and C. sphagni was found more 
often and with greater population sizes. Organic soils in Minnesota and 
Wisconsin were not found as frequently and neither was C. sphagni. 
Table 21. Species of Bakernema and Criconema associated with plant species in samples collected 
in Wisconsin and Minnesota, 1971-1972 
Plant species Number of Total samples 
samples % B. inaequale C. menzeli C. octangulare 
Abies balsamea 4 
Acer saccharum 3 
Alnus rugosa (Du Roi) Spreng. 1 
Betula lutea 1 
Betula papyrifera var. cordifolia 10 
Larix larlcina (Du Roe) K. Koch 3 
Picea glauca (Moench) Voss 3 
Picea mariana (Mill.) B.S.P. 2 
Pinus banksiana Lamb, 1 
Pinus resinosa Alt. 7 
Pinus strobus 6 
Populua tremuloides 4 
Quercus rubra L. 2 
Tsuga canadensis 5 
mosses 1 
Total 53 
7.5 - - 1 
5.7 1 1 3 
1.9 - - -
1.9 - - -
18.8 - 1 1 
5.7 - 1 -
5.7 - - -
3.8 - 2 1 
1.9 - - -
13.2 - - -
11.3 2 1 2 
7.5 - 1 -
3.8 - 1 1 
9.4 - - 4 
1.9 - 1 -
100.0 3 9 13 
^Number of times found. 
Table 22. Species of Criconemoides associated with plant species in samples collected in Wisconsin 
and Minnesota, 1971-1972 
Plant species Number of Total samples longula petasus 
samples °U incrassatus macrodorum sphagni 
Abies balsamea 4 7.5 .a 
Acer saccharum 3 5.7 - - 1 1 1 
Alnus rugosa 1 1.9 - - - - 1 
Betula lutea 1 1.9 - - - - 1 
Betula papyrifera var. cordifolia 10 18.8 1 - - 2 4 
Larix laricina 3 5.7 - 1 - - -
Picea glauca 3 5.7 1 - - - 2 
Picea mariana 2 3.8 - - - - -
Pinus banksiana 1 1.9 - - - - -
Pinus resinosa 7 13.2 1 - - 1 2 
Pinus strobus 6 11.3 - - - - 2 
Populua tremuloides 4 7.5 - - - - -
Quercus rubra 2 3.8 - - - - -
Tsuga canadensis 5 9.4 - - - - 1 
mosses 1 1.9 - - - - -
Total 53 100.0 3 1 1 4 15 
^Number of times found. 
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Ecological Relationships of Criconema and Criconemoides 
Species in Pammel Woods 
A transect of a small valley within Pammel Woods was constructed in 
an attempt to clarify factors contributing to nematode distribution within 
the Oak-Hickory Association area of Iowa. Vegetational analyses (Table 1), 
soil analyses (Table 2), and a map of the location of the sites sampled 
(Fig. 4) were given earlier. 
The largest populations of each nematode species found at any date 
are listed in Table 24 and the frequency with which each species was found 
is listed in Table 23. Criconemoides lamellatus and incrassatus were 
recovered from a greater percentage of the Pammel Woods plots than from 
the Iowa samples. This was probably because the Pammel Woods plots were 
sampled on several occasions, whereas each location in the Iowa samples 
was sampled only once. This means that there was a greater probability of 
finding these species in the Pammel Woods plots due to the repeated sampling. 
This implies that the nematode species were not distributed uniformly 
throughout the plots and that the ecological factors of the soil micro-
environment needed to be parameterized. Unfortunately, methods of ac­
complishing this in the field are not available. The average soil analyses 
of the plots containing each species are listed in Table 25. 
Correlation of Populations with Edaphic Factors 
The dendrograph of the cluster analysis clustering nematode species 
on the basis of common sites appears in Figure 32. The soil analyses of 
sites containing each species is placed in the order that they appear in 
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Table 23. Species of Criconema and Criconemoides found within the Pammel 
Woods sites 
Species Number of Nematodes/ Percentage of 
plots plot total plots 
Criconema 
menzeli 5 2.0 20.0 
octangulare 9 13.7 36.0 
Criconemoides 
incrassatus 20 4.6 80.0 
inusitatus 3 34.7 12.0 
lamellatus 16 5.0 64.0 
petasus 5 3.8 20,0 
macrodorum 8 13.3 32.0 
xenoplax 18 11.1 72.0 
Hemicriconemoides 4 13.8 16.0 
in the dendrograph in Table 26, If the population size and the presence 
of nematodes are determined by edaphic factors, then a correlation should 
exist between the soil analyses and the dendrograph. The most obvious 
breaking point within the dendrograph is the clustering of Criconemoides 
inusitatus with Hemicriconemoides separate from all other species. They 
did not occur often and they generally were not found within the same sites 
as the other species. A check of Table 26 reveals that the soil analyses of 
the sites containing these two species differs from that of the soils con­
taining the nematodes species represented in the other cluster. 
Table 24, Largest populations of Criconema and Criconemoides species at each Pammel Woods site, 
June 1971-June 1972 
Site PC tangulare inusitatus macrodorum xenoplax 
menzeli incrassatus lamellatus petasus Hemicriconemoides 
1 17 5 5 7 29 
2 - 17 3 69 - - - 7 4 
3 - 21 4 - 8 - 4 12 1 
4 - - 5 - 1 5 1 -
5 - - 1 - 3 - - 11 -
6 - - 7 - 9 - - 21 -
7 - - 2 - 5 - • - 6 -
8 - - - - 6 - - 14 -
9 4 - 2 - 7 2 - 4 -
10 - - 2 - 1 - - 11 -
11 - - - 34 3 - - 3 11 
12 - - 3 1 10 - - 29 -
13 - - 1 - - - - 2 -
14 - - 5 - 3 - - 14 39 
15 - - 1 - 2 - - 1 -
16 1 13 4 - - 27 2 2 -
17 - - 9 - - 25 - - -
18 - 2 8 - - 10 1 - -
19 - 31 6 - - 2 - - -
20 2 - 4 - - 2 - -
21 - - - - 1 8 - - -
22 1 9 - - - 30 - - -
23 2 - - - - - - - -
24 - 7 17 - 11 - - 27 -
25 - 6 3 - 5 - - 5 -
Table 25. Average soil analyses of sites in Parnmel Woods, Iowa that contained Criconema and 
Criconemoides species, June 1971-June 1972 (ranges are in parentheses^ 
Species pH Organic matter Sand Silt Clay Field capacity 
% % % % % 
Criconema 
menzeli 6.3(6.0-6.5) 7.3(5.1-11.1) 46.4(42.0-51.4) 34.2(28.4-36.7) 19.4(16.5-21.3) 23.6(21.1-29.0) 
octangulare 6.6(6.0-7.3) 6.5(2.3-10.4) 49.5(44.0-63.7) 32.8(23.4-37.8) 17.7(12.9-21.8) 24.1(21.1-28.5) 
Criconemoides 
incrassatus 6.8(6.0-7.5) 7.1(1.1-11.9) 46.2(2.5-84.0) 34.5(9.2-60.7) 19.3(6.8-36.7) 26.1(20.4-33.6) 
inusitatus 7.0(6.6-7.2) 5.0(2.8-8.6) 52.7(37.9-73.4) 30.8(18.2-41.0) 16.5(8.4-21.1) 24.8(23.0-27.7) 
lamellatus 6.9(6.4-7.5) 7.1(2.3-11.5) 44.9(2.5-73.4) 35.3(18.2-60.7) 19.8(8.4-36.7) 27.5(21.8-33.6) 
petasus 6.7(6.0-7.3) 8.4(7.0-10.4) 45.1(44.0-46.5) 34.4(31.7-37.8) 20.5(18.2-22.6) 25.8(21.1-30.4) 
macrodorum 6.4(6.0-6.6) 8.1(5.2-11.9) 46.4(44.0-51.4) 35.0(28.4-37.8) 18.6(15.5-21.2) 23.2(20.4-29.0) 
xenoplax 6.9(6.0-7.5) 6.8(1.1-11.5) 47.3(2.5-84.0) 33.6(9.2-60.7) 19.1(8.4-36.7) 27.1(21.1-33.6) 
Hemicri-
conemoides 7.1(6.7-7.3) 6.0(2.8-10.4) 51.8(44.0-73.4) 31.4(18.2-39.9) 16.8(8.4-22.6) 26.6(23.0-30.4) 
Total samples 6.7(6.0-7.5) 7.0(1.1-11.9) 46.7(2.5-84.0) 34.3(9.2-60.7) 19.0(6.8-36.7) 25.8(20.4-33.6) 
Fig, 32. Dendrograph of a cluster analyses of species by common sites 
of Criconema and Criconemoides species in Pammel Woods, 
Iowa, June 1971-June 1972; C, = Criconema; Cr = 
Criconemoides 
NEMATODE 
SPECIES p 
Cr.  lamel latus 
Cr.  xenoplax 
Cr.  incrassatus 
C. octangulare 
Cr.  petasus 
Cr.  macrodorum 
C. menzel i  
Cr.  inusi tatus 
Hemicr iconemoi des 
Table 26. Soil analyses according to clustering of species by sites in Pammel Woods, Iowa, June 
1971-June 1972 (ranges are in parentheses; C = Criconema; Cr. = Criconemoides) 
Species pH Organic matter Sand Silt Clay Field capacity 
% % % % 
Cr. lamellatus 6.9(6.4-7.5) 7.1(2.3-11.5) 44.9(2.5-73.4) 35.3(18.2-60.7) 19.8(8.4-36.7) 27.5 
Cr. xenoplax 6.9(6.0-7.5) 6.8(1.1-11.5) 47.3(2.5-84.0) 33.6(9.2-60.7) 19.1(8.4-36.7) 27.1 
Cr. incrassatus 6.8(6.0-7.5) 7.1(1.1-11.9) 46.2(2.5-84.0) 34.5(9.2-60.7) 19.3(6.8-36.7) 26.1 
C. octangulare 6.6(6.0-7.3) 6.5(2.3-10.4) 49.5(44.0-63.7) 32.8(23.4-37.8) 17.7(12.9-21.8) 24.1 
Cr. petasus 6.7(6.0-7.3) 8.4(7.0-10.4) 45.1(44.0-46.5) 34.4(31.7-37.8) 20.5(18.2-22.6) 25.8 
Cr. macrodorum 6.4(6.0-6.6) 8.1(5.2-11.9) 46.4(44.0-51.4) 35.0(28.4-37.8) 18.6(15.5-21.2) 23.2 
Ç. menzeli 6.2(6.0-6.5) 7.3(5.1-11.1) 46.4(42.0-51.4) 34.2(28.4-36.7) 19.4(16.5-21.3) 23.6 
Cr. inusitatus 7.0(6.6-7.2) 5.0(2.8-8.6) 52.7(37.9-73.4) 30.8(18.2-41.0) 16.5(8.4-21.1) 24.8 
Hemicri-
conemoides 7.1(6.7-7.3) 6.0(2.8-10.4) 51.8(44.0-73.4) 31.4(18.2-39.9) 16.8(8.4-22.6) 26.6 
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Criconemoides inusitatus and Hemicriconemoides were found in soils with 
a higher pH, a lower organic matter content and a greater percent sand than 
the nematode species in the other subcluster. 
The other subcluster in the dendrograph (Fig, 32) also illustrates de­
grees of affinities among nematode species. Criconemoides lamellatus, 
xenoplax, and £, incrassatus were related to each other in that they 
were widely distributed together through many plots (Table 24). As a re­
sult, they were found in soils with an average soil analysis similar to one 
another (Table 26). Criconema menzeli and Criconemoides macrodorum are 
more closely related to Criconema octangulare and Criconemoides petasus 
than to C. lamellatus as they are not linked as close to the latter species 
in the dendrograph (Fig. 32). An examination of the soil analyses, reveals 
that Criconema menzeli, C. octangulare, Criconemoides petasus, and £, 
macrodorum were found in soils with an average soil analysis more similar 
to each other's than to the soil analysis of the soils containing C. 
lamellatus. In particular, the former species were found in soils with 
lower pH, higher organic matter content, and a small range in percentage 
of sand. In addition, the average field capacity of the soils was lower 
at 25.8% to 23.2% as compared to 27.5% to 26.1% for C. lamellatus, C. 
xenoplax, and C. incrassatus (Table 26). Criconemoides lamellatus, C. 
xenoplax, and C. incrassatus have a wide "tolerance" range for the edaphic 
factors measured as compared to the tolerance range of Criconema menzeli, 
C. octangulare, Criconemoides petasus, and C. macrodorum (Table 26). 
There are four clusters within the dendrograph representing cluster­
ing of sites by nematode species and population and each is given an 
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alphabetical letter for identification (Fig, 33). Subclusters A and B 
consist primarily of sites on the north facing slope and floodplain. Sub-
cluster B contains large populations of C. xenoplax and moderate numbers 
of C. incrassatus and C, lamellatus (Table 27), whereas subcluster A con­
tains moderate numbers of all three species. The soil analyses for the 
two subclusters indicates that they differ mainly in the organic matter 
content and field capacity, with subcluster B having the lower values for 
both factors (Table 28). As the largest populations of C. xenoplax 
clustered in subcluster B, this supports the data from the Iowa and the 
eastern survey which indicate that this species prefers mineral soils of 
low organic matter and field capacity. 
Subcluster D represents sites on the south facing slope and flood-
plain. It contains sites with large populations of C. macrodorum and small 
to moderate populations of C. xenoplax, C. lamellatus and C, incrassatus 
(Table 28). Soils in subcluster D had the lowest pH and field capacity 
values of all of the soil clusters (Table 28). It is not known if any of 
these factors are responsible for this particular nematode distribution. 
This data does not agree with the Iowa data which does not indicate that 
C, macrodorum is found in soils of a field capacity lower than the norm 
(Table 7). 
Subcluster D contained sites that were associated with Quercus species 
(Table 2). Many of these same sites contain C. macrodorum. This last data 
does support data from Iowa which did indicate a strong correlation between 
the occurrence of C. macrodorum and Quercus species. No other vegetational 
associations are implicated in the Pammel Woods study. 
Fig. 33. Dendrograph of a cluster analysis of sites by species of 
the Patnmel Woods study in Patnmel Woods, Iowa, June 1971-
June 1972 
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Table 27. Average nematode populations per site 
when sites are clustered by species 
for clusters occurring 
Site 
cluster xenoplax 
Criconemoides 
lamellatus incrassatus macrodorim 
A 5.6 2.8 NJ o
 
o
 
B 15.7 5.7 C
M
 O
 
C 5.0 1.5 1.5 0.0 
D 4.1 1.7 5.4 14.3 
Table 28. Average soil analyses for clusters occurring when sites are 
clustered by species 
Site 
clusters 
pH O.M. Sand 
% % 
Silt 
% 
Clay Field capacity 
% % 
A 6.9 7.8 43.5 35.3 21.2 29.0 
B 6.9 6.1 47.4 34.5 18.1 26.0 
C 6.9 5.7 60.0 25.8 14.2 23.4 
D 6.4 7.1 46.3 35.4 18.3 22.1 
Overall 6.7 7.0 46.7 34.3 19.0 25.8 
The absences of Criconemoides xenoplax on the south facing slope and 
Criconemoides petasus and Criconema octangulare on the floodplain are 
unexplainable. 
Although some contradictions exist, the Paiumel Woods study does sup­
port findings in the Iowa samples and in the eastern survey in the follow­
ing points. 
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Crlconemoides macrodorum was found almost exclusively in sites located 
on the south facing slopes. This correlates well with the location of 
Quercus species and soils of low field capacity. This nematode is noted 
as occurring in soils with a narrow range of sand content. Quercus species 
generally occur on drier sites. All of this data serves to reinforce the 
evidence that C, macrgdorum is preferentially associated with Quercus 
species and relatively dry soils. 
Criconemoides xenoplax is a species that occurs in a wide range of 
mineral soils under varying edaphic factors and vegetational factors, 
Criconema menzeli was found in soils containing the greatest amount 
of organic matter. 
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SUMMARY 
Surveys were conducted of the Prairie and Oak-Hickory vegetational 
formations in Iowa and of the Hemlock-Hardwood, Boreal Forest, and Alpine 
Tundra associations in selected areas of New York, Vermont, New Hampshire, 
Maine, Minnesota, and Wisconsin. Soil samples were analyzed for species of 
Criconëma and Criconemoides and for selected edaphic factors from June 1970 
to June 1972. Species of Criconema and Criconemoides were decidedly common, 
contrary to previous reports. Criconema and Criconemoides species were 
found in 35.1% and 48.9%, respectively of the 607 samples that were col­
lected in all of the states combined. The species from the various vege­
tational formations were catalogued (Tables 5, 17, 18, 19). 
Criconemoides inaratus sp. n. and Criconemoides inusitatus sp. n. 
were discovered in the course of this work and were described herein. 
The collection of specimens from widely separated geographical locations 
has necessitated the emendation of descriptions of previously described 
species of Criconema and Criconemoides. 
The examination of many specimens of Criconemoides xenoplax and 
Criconemoides curvatum collected from around the world has led this author 
to the conclusion that the sigmoid vagina is a valid character that may be 
used to separate the two species. Habitat does affect the development of 
the stylet of C. xenoplax, an important taxonomic character for this species. 
The generic proposals Blandicephalanema, Crossonema, Neolobocriconema, 
and Pateracepha1anema of Mehta and Raski were rejected and all species 
were placed into Criconema Hofmanner and Menzel, 1914. An amended key to 
the species of Criconema was given. 
181 
A cluster analysis technique utilizing similarity coefficients to 
characterize soil samples and nematode species was used to structure the 
data. The analyses indicated that nematode species associations differed 
between the vegetational formations of Iowa and the vegetational formations 
occurring in New York, Vermont, New Hampshire, and Maine, i.e., the 
dominant nematode species and the species making up the different communities 
differed. 
Each vegetational formation had its own characteristic nematode fauna. 
The prairie was characterized by Criconema decalineatum, Criconemoides 
inaratus sp. n., and C. xenoplax-s while the Oak-Hickory Forest formation of 
Iowa was characterized by Criconema menzeli, C. fimbriatum, C. octangulare, 
Criconemoides axeste, C. macrodorum, C. petasus, C. rusticum, and C. xenoplax. 
The Hemlock-Hardwood formations contained many species found in the 
Oak-Hickory formation in addition to Bakernema inaequale, Criconema proclivis, 
£. seymouri, Criconemoides longula, and C. sphagni. The Boreal Forest and 
Alpine-Tundra Forest formations contained only Criconema menzeli and 
Criconemoides sphagni. 
Factors other than host were interpreted as being responsible for 
the distribution of the nematode species as most nematodes were associated 
with a wide range of plant species (Tables 8, 9, 12, 13, 21, 22). The 
presence of Criconema octangulare was positively correlated with the presence 
of Acer species. Populations and presence of Criconemoides macrodorum was 
positively correlated with Quercus species. 
Soil factors are strongly suspect as causative agents in the distribu­
tion of the nematode species. Criconemoides axeste, £. petasus, C. rusticum. 
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and C. xenoplax were associated mainly with mineral soils that had a high 
pH, low field capacity, and an organic matter content less than 15%. The 
organic matter content in particular, seemed to be limiting the distribu­
tion of the four nematode species with soils containing greater than 
157o organic matter being most restrictive. 
Criconemoides sphagni was associated with organic soils that had 
a low pH, high field capacity, and an organic matter content greater than 
15%. The average population size of C. sphagni was positively correlated 
with organic soils with the organic matter content implicated as the con­
trolling factor. Criconema fimbriatum, C. menzeli, and £. octangulare 
were tolerant of both mineral and organic soils. 
Criconema menzeli was associated with the soils containing the great­
est amount of organic matter regardless of the vegetational formation. 
Criconemoides reedi was found only in acidic wet soils. 
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